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From Skakspeare to Plato— from the philosophic poet to the poetic 
philosopher —the transitioii is easy, and the road is crowded with illus« 
trations of our present subject. 



Hast thou eyer raised thy mind to the consideration of bxutbncb, in 
and by itself, as the mere act of existing ? 

Hast thou eyer said to thyself thoughtfully IT is ! heedless, in that 
moment, whether it were a man before thee, or a flower, or a grain of 
sand;— without reference, in short, to this or that particular mode or 
form of existence ? If thou hast, indeed, attained to this, thou wilt haye 
felt the presence of a mystery, which must have fixed thy spirit in 
awe and wonder. 

COLERIDGE. 
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PREFACE. 



A Second Edition of this work being demanded within a 
twelvemonth of the publication of the first, convinces the 
author that he has not erred in believing it pos^ble to in- 
terest a numerous class of readers bj a popular examina- 
tion of the deductions of philosophy and the truths of induc- 
tive science ; — that he was not mistaken in believing the 
generalizations from mechanical experiments to be capable 
of assuming a poetic aspect 

Desiring to present every discovery of Science with cor- 
rectness, increased attention has been paid to the present 
edition ; and it has been cleared of some trifling inaccu- 
racies — regretted by no one more than the author — 
which had crept into the first. 
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To seyeral friends of eminence in their respective 
branches of chemistry, geology, and natural history, the 
author has to express his warmest thanks. To them is 
due the emendation of all that was obscure ; and the ud 
they have afforded in the revinon of those passages which 
relate to their own fitmiliar studies must ^ye to this Edition 
an essential value. 

To keep pace with the progress of science, each new 
discovery, connecting itself with the phyncal laws of nature, 
has been included; — althougjh not numerous, they are 
impMrtant. 

It is, therefore, hoped that the author's attempt to ren- 
der the ^^ Poetry of ScxEkcE " a correct text-book, at the 
same time he has striven to divest science of its harder 
features, will not have been unsuccessful. 

R.H. 

Sweniber, 1849. 
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PREFACE TO THE FIRST EDITION. 



An attempt has been made, in this volume, to link 
together those scientific facts wMeh bear directly and 
visibly upon Natural Phenomena, and to show that they 
have a value superior to their mere economic applications, 
in their power of exalting the mind to the contemplation 
of the Universe. 

In pursuing this object, where the links of the inductivi 
chain were imperfect, a consideration of the merits of con- 
flicting theories has been hazarded ; and — probably as a 
consequence of imperfect knowledge — the views enter- 
tuned by those whose scientific acquirements no one 
esteems more highly than myself, have, in a few instances, 
been departed from. 
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The authority for each statement is ^ven at the conclu- 
sion of the volume ; and an experimental examination has 
been made of aU the instances adduced in exemplification 
of particular views. 

For the purpose of exhibiting the great facts of Science 
in their most attractive aspects, the imagination haa been 
occasionally taxed, but it has never been allowed to mter- 
fere with the stem reality of Truth ; and throughout the 
following pages it is hoped there wiU be discovered — how- 
ever illo^cal to some, certain speculations may appear — 
evidences of a constant endeavour to think honestiy, and to 
^ve to every discovery its full value in the generalizations 
attempted. 

R.H. 

Jfavember, 1848. 
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INTRODUCTION. 



The True is the Beautiful. Whenever this becomes evi- 
dent to our senses, its influences are of a soul-elevating 
character. The beautiful, whether it is perceived in the 
external forms of matter, associated in the harmonies of 
light and colour, appreciated in the modulations of sweet 
sounds, or mingled with those influences which are, as the 
inner life of creation, appealing to the soul through the 
ve§ture which covers all things, is the natural theme of the 
poet, and the chosen study of the philosopher. 

But, it will be asked, where is the relation between the 
stem labours of science and the ethereal system which con- 
stitutes poetry ? The fumes of the laboratory, its alkalies 
and acids, the mechanical appUances of the observatory, 
its specula and its lenses, do not appear fitted for a place 
in the painted bowers of the Muses. But, from the labours 
of the chemist in his cell, — from the multitudinous obser- 
vations of the astronomer on his tower, — spring truths 
which the philosopher employs to interpret nature's myste- 
ries, and which give to the soul of the poet those realities 
to which he aspires in his high imaginings. 

Science solicits from the material world, by the persuar 

2» 
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8ion of inductive search, a development of its elementary 
principles, and of the laws which these obey. Philosophy 
strives to apply the discovered facts to the great phe- 
nomena of being, — to deduce large generalities from the 
fragmentary discoveries of severe induction, — and thus to 
ascend from matter and its properties up to those impulses 
which stir the whole, floating, as it were, on the confines 
of sense, and indicating, though dimly, those superior 
powers which, more nearly related to infinity, mysteriously 
manifest themselves in the phenomena of mind. Poetry 
seizes the facts of the one and the theories of the other ; 
unites them by a pleasing thought, which appeals for 
truth to the most unthinking soul, and leads the reflec- 
tive intellect to higher and higher exercises ; it connects 
common phenonema with exalted ideas ; and, applying its 
holiest powers, it invests the human mind with the sove- 
reign strength of the True. 

Truth is the soul of the poet's thought ; — truth is the 
reward of the philosopher's toil ; and their works, bearing 
this ofiicial stamp, live among men through all time. Sci- 
ence at present rejoices in her ministry to the requirements 
of advancing civilization, and is content to receive the 
reward given to applications which increase the comforts of 
life, or add to its luxuries. Every improvement in the 
arts or manufactures has a tendency to elevate the race 
who are benefited thereby. But because science is useful 
in the working days of our week, it is not to be neglected 
on our Sabbath, — when, resting from our labours, it be- 
comes agreeable to contemplate the few truths permitted 
to our knowledge, and thus enter into communion, as close- 
ly as is allowed to finite beings, with those influences which 
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involve and interpenetrate the earth, giving to all ihingp 
life, Beauty, and Divinity. 

The haman mind naturally delights in the discovery of 
truth ; and even when perverted by the constant operatio is 
of prevailing errors, a glimpse of the Real comes upon it like 
the smile of daylight to the sorrowing captive of some dark 
prison. The Psychean labours to try man's soul, and exalt 
it, are the search for truth beneath the mysteries which 
surround creation, — to gather amaranths, shining with the 
hues of heaven, from plains upon which hang, dark and 
heavy, the mists of earth. The poet may pay the debt of 
nature, — the philosopher may return to the bosom of our 
common mother, — even their names fade in the passage 
of time, like planets blotted out of heaven; — but the 
truths they have revealed to man bum on for ever with 
unextinguishable brightness. Truth cannot die ; it passes 
from mind to mind, imparting light in its progress, and 
constantly renewing its own brightness during its diffusion. 
The True is the Beautiful ; and the truths revealed to the 
mind render us capable of perceiving new beauties on the 
earth. The gladness of truth is like the ringing voice of a 
joyous child, and the most remote recesses echo with the 
cheerful sound. To be forever true is the Science of 
Poetry, — the revelation of truth is the Poetry of Science. 

Man, a creation endued with mighty faculties, but a mys- 
tery to himself, stands in the midst of a wonderful world, 
and'an infinite variety of phenomena arise around him, in 
strange form and magical disposition, like the phantasma 
of a restless nighi. 

The solid rock obeys a power which brings its congeries 
of atoms into a thousand shapes, each one geometrically 
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perfect. Its vegetable covering, in obedience to some 
external excitation, developes itself in a curions diversity 
of forms, from the exquisitely graceful to the singularly 
grotesque, and exhibits properties still more varied and 
opposed. The animal organism quickened hy higher 
impulses, — powers working within, and modifying the 
influence of the external forces, — presents, from the Mo- 
nad to the Mammoth, and through every phase of being 
up to Man, a yet more wonderful series of combinations, 
and features still more strangely contrasted. 

Lifting our searching gaze into the measureless space 
beyond our earth, we find planet bound to planet, and sys- 
tem chained to system, all impelled by a universal force to 
roll in regularity and order around a common centre. The 
pendulations of the remotest star are communicated 
through the unseen bond ; and our rocking world obeys 
the mysterious impulse throughout all those forces which 
regulate the inorganic combinations of this earth, and unto 
which its organic creation is irresistibly compelled to bow. 

The glorious sun by day, and the moon and stars in the 
silence and the mystery of night, are felt to influence all 
material nature, holding the great Earth bound in a many- 
stranded cord which cannot be broken. The tidal flow of 
the vast ocean, with its variety of animal and vegetable 
life, — the atmosphere, bright with light, obscured by the 
storm-cloud, spanned ly the rainbow, or rent with the 
explosions of electric fire, — attest to the might of these 
elementary bonds. 

These are but a few of the great phenomena which play 
their part around this globe of ours, exciting men to won- 
der, or shaking them with terror. 
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The inincl of man, in its progress towaards its higher cles- 
tiny, b tasked with the physical earth as a problem, which, 
within the limits of a life, it must struggle to solve. The 
intellectnal spirit is capable of embracing all finite things. 
Man is gifted with powers for studying the entire circle of 
visible creation ; and he is equal, under proper training, 
to the task of examining much of the secret machinery 
which stirs the whole. 

In dim outshadowing, earth's first poets, from the love- 
liness of external nature, evoked beautiful spiritnalizations. 
To them, the shady forests teemed with atrial beings, — 
Che gushing springs rejoiced in fantastic sprites, — the 
leaping cataracts gleamed with translucent shades, — the 
cavernous hills were the abodes of genii, -^ and the earth- 
girdling ocean was guarded by mysterious forms. Such 
were the creations of ^e fa^searching mind in its early 
consciousness of the existence of unseen powers. The 
phik)sopher picked out his way through the dark and laby- 
rinthine path, between effects and causes, and slowly 
approaching towards the light, he gathered semblances of 
the great Reality, like a mirage, beautiful and truthful, 
although still but a cloud-reflection of the vast Unseen. 

It is thus that the human mind advances from the Ideal 
to the Real, and that the poet becomes the philosopher, 
and the philosopher rises into the poet ; but at the same 
time as we progress from fable to fact, much of the soul- 
sentiment which made the romantic holy, and gave a noble 
tone to every aspiration, is too frequently merged in a 
cheerless philosophy which clings to the earth, and reduces 
tiie mind to a mechanical condition, delighting in the accu- 
mulation of ftcts, regardless of the great laws by which 
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these are regulated, and the harmony of all Telluric com- 
binations secured. In science, we find the elements of the 
most exalted poetry ; and in the mysterious workings of 
the physical forces, we discover connections with the illim- 
itable world of thought, — in which mighty minds delight 
to try their powers, — as strangely complicated, and as 
marvellously ordered, as in the psychological phenomena 
which have, almost exclusively, been the objects of their 
studies. 

In the aspect of visible nature, with its wonderful diver- 
sdty of form and its charm of colour, we find the Beautiful ; 
and in the operations of these principles, which are ever 
active in producing and maintaining the existing conditions 
of matter, we discover the Sublime. 

The form and colour of a flower may excite our admira- 
tion ; but when we come to examine all the phenomena 
which combine to produce that piece of symmetry and 
that lovely hue, — to learn the physiological arrangement 
of its structural parts, — the chemical actions by which its 
woody fibre and its juices are produced, — and to investi- 
gate those laws by which is regulated the power to throw 
back the white sunbeam from its surface in coloured rays, 
— our admiration passes to the higher feeling of deep 
astonishment at the perfection of the processes, and of 
reverence for their great Designer. There are, indeed, 
" tongues in trees ; " but science alone can interpret their 
mysterious whispers, and in this consists its poetry. 

To rest content with the bare enunciation of a truth, is 
to perform but one half of a task. As each atom of 
matter is involved in an atmosphere of properties, and 
powers, which unites it to every mass of th« universe^ so 
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each truth, however common it may be, is surroTinded by 
impulses which, being awakened, pass from soul to soul 
like musical undulations, and which will be repeated 
through the echoes of space, and prolonged for all eternity. 

The poetry which springs from the contemplation of the 
agencies which are actively employed in producing the 
transformations of matter, and which is founded upon the 
truths developed by the aids of science, should be in no 
respect inferior to that which has been inspired by the 
beauty of the individual forms of matter, and the pleasing 
character of their combinations. 

The imaginative view of man and his world — the crea- 
tions, of the romantic mind — have been, and ever will be, 
dwelt on with a soul-absorbing passion. The mystery of our 
being, and the mystery of our ceasing to be, acting upon 
intelligences which are for ever striving to comprehend 
the enigma of themselves, leads by a natural process to a 
love for the Ideal. The discovery of those truths which 
advance the human mind towards that point of knowledge 
to which all its secret longings tend, should excite a higher 
feeling than any mere creation of the fancy, how beautiful 
soever it may be. The phenomena of Eeality are more 
startling than the phantoms of the Ideal. Truth is stranger 
than fiction. Surely many of the discoveries of science 
which relate to the combinations of matter, and exhibit 
results which we could not by any previous efforts of rea- 
soning dare to reckon on, results which show the admirable 
balance of the forces of nature, and the might of their 
uncontrolled power, exhiSit to our senses subjects for con- 
templation truly poetic in their character. 

We' f ramble 'when IRPtJiunder-cloud bursts in fury above 
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onr heads. The poet seizes on the terrors of t&e storm^ 
to add to the interest of his verse. Fancy paints a stonao- 
king, and the genius of romance clothes his demons in 
lightnings, and they are heralded by thunders. These 
m\i ima^nings have been the delight of mankind ; there 
is subject for wonder in them : but is there anything less 
wonderful in the well-authenticated fact, that the dewdrop 
which glistens on the flower, that the tear which trembles 
on the eyelid, holds locked in its transparent cells an 
amount of electric fire equal to that which is discharged 
during a storm from a thunder-cloud ? 

In these studies of the effects which are continually 
presenting themselves to the observing eye, and of the 
phenomena of causes, as* far as they are revealed by 
Science in its search of the physical earth, it will be shown 
that beneath the beautiful vesture of the external world 
there exists, like its quickening soul, a pervading power, 
^ assuming the most varied aspects, giving to the whole its 
life and ^loveliness, and Imking every portion of this ma- 
terial mass in a common bond with some great universal 
pftnciple. beyond our knowledge.* Whether by the im- 
provement of the powers of the human mind, man will ever 
be enabled to embrace within his knowledge the laws which 
regulate these remote principles, we are not sufficiently 
advanced in intelligence to determine. But if admitted 
even to a clear perception of the theoretical Power which 
we regard as regulating the known forces, we must still 
see an unknown agency beyond us, which can only be 
referred to the Creator's will. * 
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CHAPTER L 

GENERAL CONDITIONS OP MATTER. 

Its Tarie# Characters, and constant change of external Form — The Grain 
of Dust, its Properties and Powers — Resulting Combinations in 
inorganic Masses and in organized Creations — Our knowledge of 
Matter — Theory of tTltimate Atoms — The Physical Forces acting 
on the Composition of Masses — The certainty of the exercise of 
subtile principles, which are beyond the reach of experimental 
Science. 

The Physical Earth presents to us, in every form of orgafnic and 
inorganic matter, an infinite variety of phenomena. If we select 
specimens of rocks, either crystalline or stratified, — of metals in 
any of their Various comhinations with oxygen, sulphur, and 
other bodies, — of gems glistening with light and glowing 
with colour, — or if we examine the varied forms and hues 
of the vegetable world, and the more mysterious animal crea- 
tions, we must inevitably come to a conclusion long since pro- 
claimed, and admit that dust they are, and that to dust must they 
return. Whatever permanency may be given to matter, it is 
certain that its form is ever in a state of change. The surface 
of the " Eternal Hills " is worn away by the soft rains which 
fidl tO/ feitilize ; and from their wrecks, borne by the waters to 
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the ocean, new continents aie fonning. The mutations of the 
old earth may be read upon her rocks and mountains, and ihese 
records of former changes tell us the infallible truth, that as the 
present passes into the future, so will the form of nature undergo 
an important alteration. The same forces which lifted the 
Andes and the Himalayas are still at work, and from the parti- 
cles of matter carried from the present lands by the rivers into 
the sea, where they subside in stratified masses, there will, in 
the great future, be raised new worlds, upon which the work of 
life may go forward, and over which will be spread a vast 
Intelligence. 

If we regard the conditions of the beautiful and varied 
organic covering of the Earth, the certainty, the constancy, of 
change is ever before us. Vegetable life passes into the animal 
form, and both perish to feed the future plant. Man, moving 
to-day the monarch of a mighty people, in a few years passes 
back to his primitive clod, and that combination of elementary 
atoms, which is dignified with the circle of sovereignty and the 
robe of purple, after a period may be sought for in the herbage 
of the fields, and in the humble flowers of the valley. 

We have, then, this certain truth, — all things visible around 
us are aggregations of atoms. From particles of dust, which 
under the microscope could scarcely be distinguished one from 
the other, are all the varied forms of nature created. This grain 
of dust, this particle of sand, has strange properties and powers. 
Science has discovered some, but still more truths are hidden 
within this irregular molecule of matter which we now survey, 
than even philosophy dares dream of. How strangely it obeys 
the impulses of heat — mysterious are the influences of light 
upon it — electricity wonderfully excites it — and still more 
curious is the manner in which it obeys the magic of chemical 
force. These are phenomena which we have seen ; we know 
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them, and we can reproduce tbem at our pleasure. We have 
advanced a little way into the secrets of nature, and from the 
spot we have gained, we look forward with a vision somewhat 
brightened by our task; but we discover so much to be yet 
unknown, that we learn another truth, — our vast ignorance of 
many things relating to this grain of dust. 

It gathers around it other particles ; they cling together, and 
each acting upon every other one, and all of them arranging 
themselves around the little centre, according to some law, a 
beautiful crystal results, the geometric perfection of its form 
being a source of admiration. 

It exerts some other powers, and atom cohering to atom, 
obeying the influences of many external radiant forces, under- 
goes inexplicable changes, and the same dust which we find 
forming the diamond, aggregates into the lordly tree, — blends 
to produce the graceful, scented, and richly painted flower, — 
and combines to yield the luxury of fruit. 

It quickens with yet undiscovered energies; it moves with 
life : dust and vital force combine ; blood and bone, nerve and 
muscle, result from the combination. Forces, which we cannot 
by the utmost refinements of our philosophy detect, direct the 
whole, and from the same dust which formed the rock and grew 
in the tree, is produced a living and a breathing thing, capable 
of receiving a Divine illumination, of bearing in its new state 
the gladness and the glory of a Soul. 

These considerations lead us to reflect on the amount of our 
knowledge. We are led to ask ourselves, what do we know ? 
We know that the world with all its variety is composed of 
certain material atoms, which, although presented to us in a 
great variety of forms, do not in all probability diSer very essen- 
tially from each other. 

We know that those atoms obey certain conditions which appear 
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to be dependent upon the influences of motion, gravitation, heat, 
light, electricity, and chemical force. These powers are only 
known to ns by their effects ; we only detect their action by 
their operations npon matter ; and although we regard the several 
phenomena which we have discovered, as the manifestations of 
Afferent principles, it is possible they may be but modificatio|is 
of some one universal power, of which these are but a few pf its 
modes of action. 

In examining, therefore, the truths which science has revealed 
to us, it is advantageous, for the purpose of fixing the mind to 
the subject, that we assume certain conditions as undeniably 
true. These may be stated in a few sentences, and without 
wasting a thought upon those metaphyseal subtleties which have 
from time to time perplexed science, and served to impede the 
progress of truth, we proceed, then, to examine our knowledge 
pf the phenomena which constantly occur around us. 

Every form, whether inorganic or organic, which we can dis- 
cover within the limits of human search, is composed of hard 
impenetrable atoms, which are capable of assuming, under the 
influence of certain physical forces, conditions essential to the 
composition of that body of which it forms a part. (}) The known 
forces, active in producing these conditions, are modes of motion ; 
gravitation and aggregation, heat, light; and associated with 
these, actinism or chemical radiation ; electricity, under all its 
conditions, whether static or dynamic; and chemical affinity, 
regarded as the result of a separate elementary principle. 

These forces must be considered as powers capable of acting 
in perfect independence of each other. They are possibly 
modifications of one principle ; but this view being an hypothesis, 
which, as yet, is only supported by loose analogies, cannot, with- 
out danger, be received in any explanation which attempts to 
deal only with the truths oi science. 
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In addition to the known physical forces, we cannot examine 
the varied phenomena of nature, without feeling that there must 
be other and most active principles of a higher order than any 
detected by science, to which belong the important operations of 
vitality, whether manifested in the plant or the animal. In 
treating of these, although speculation cannot be entirely avoided, 
it will be employed only so far as it gives any asdstance in link- 
ing phenomena together. 

We have to deal with the active agencies which give form and 
feature to nature — which regulate the harmony and beauty and 
vigor of life — and upon which depend those grand changes in 
the conditions of matter, which must convince us that death is 
bat the commencement of a new state of Being. 



3* 
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CHAPTER IL 
MOTION. 

Are the Physical Forces modes of Motion ? — Motion defined — Philosoph- 
ical views of Motion, and the Principles to which it has been referred — 
Motions of the Earth and of the Solar System — Influence of the proper 
Motions of the Earth on the Conditions of Matter— Theory of the 
Conversion of Motion into Heat, &c. — The Physical Forces regarde4 
as principles independent of Motion, although the Cause and often 
apparently the Effects of it. 

Many of the most emiDent thinkers of the present time are dis- 
posed to regard all the active principles of nature as ** modes of 
motion," — to look upon light, heat, electricity, and even vital 
force, as phenomena resulting from ** change of place" among the 
particles of matter ; this change, disturbance, or motion, being 
dependent upon some undefined mover. (^) 

The habit of leaving purely inductive examination for the 
delusive charms of hypothesis — of viewing the material world as 
a metaphysical bundle of essential properties, and nothing more — 
has led some of our most eminent philosophers to struggle with 
the task of proving, that all the wonderful manifestations of the 
great physical powers of the universe are mere modifications of 
motion. (^) 

The views of metaphysicians regarding motion involve many 
subtle considerations which need not at present detain us. We 
can only consider motion as a change of place, which matter can- 
not effect of itself, no change of place being possible without a 
mover ; and, consequently, motion cannot be a property of matter 
in ihe strict sense in which that term should be accepted. (*) 



Digitized by VjOOQ iC 



TOI MOTKHf 07 TBI SARCH. 31 

Motion depends upon certain distcurbing and directing forces 
acting upon all matter; and, consequently, as every mode of 
action is determined by some excitement external to tbe body 
moved, motion cannot, philosophically, be regarded otherwise than 
as a peculiar affecticm of matter under determinable conditions. 
" We find," says Sir Isaac Newton, " but little motion in tbe 
MfGtld, except what plainly flows from either the active princi* 
pies oi nature, or firom the command of the wilier. "(*) 

Plato, Aristotle, and the Pythagoreans supposed that through- 
out all nature an active principle was diffused, upon which 
depended all the pr(^rties exhibited by matter. This is the same 
as the ** plastic nature" of Cudworth,(®) the " intellectual and 
artificial fire " of Bishop Berkeley ;(J) and to these all modes of 
motion were referred. Sir Isaac Newton also regards the mate- 
rial universe and its phenomena as dependent upon *' active prin^ 
ctples — for instance, the cause of gravity — whereby the planets 
and comets preserve their motions in their orbits, and all bodies 
acquire a degree of motion in falling ; and the cause of fomentsr 
tion — whereby the heart and blood of animals preserve a perpet- 
ual warmth and motion — the inner parts of the earth are kept 
constantly warmed — many bodies burn and shine — and the sun 
himself bums and shines, and with his light warms and cheers 
all things." 

The earth turns on its axis at the rate of more than 1,000 
miks an hour, and passes around the sun with the speed of up- 
wards of 68,000 miles in the same time.(^) The earth and the 
other planets of our system move in curves around a common 
centre ; therefore their motioQ cannot have been originally com- 
municated merely by the impressed force of projection. Two 
forces, at least, must have operated, one making the planets tend 
directly to the centre, and the other impelling them to fly off at 
a tangent to the curve described. Here we have a system of 
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gpberes, held by some power to a great central mass, around 
which they revolve with a fearful velocity. Nor is this all ; the 
Solar System itself, bound by the same mystic chain to an un- 
discovered centre, moves towards a point in space at the rate of 
33,550,000 geographical miles, whilst our earth performs one 
revolution around the sun. (^) 

In addition to these great rotations, the earth is subjected to 
other motions, as the precession of the equinoxes and the nuta- 
tion of its axis. Booking regularly upon a point round which it 
rapidly revolves, whilst it progresses onward in its orbit, like 
some huge top in tremulous gyration upon the deck of a vast 
aerial ship gliding rapidly through space, is the earth performing 
its part in the great law of motion. 

The rapidity of these impulses, supposing the powers of the 
physical forces were for a moment suspended, would be sufficient 
to scatter the mass of our planet over space as a mere sta^dust. 

Limiting, as much as possible, the view which opens upon the 
mind as we contemplate the adjustments by which this great 
machine, our system, is preserved in all its order and beauty, let 
us forget the great movement of the whole through space, and 
endeavour to consider the effect of those motions which are directly 
related to the earth, as a member of one small group of worlds. 

We cannot for a moment doubt, although we have not any 
experimental proof of the fact, that the proper motions of the 
earth materially influence the conditions of the matter of which 
it is formed. Every pair of atoms are, like a balance, delicately 
suspended, under the constant struggle which arises from the 
tendency to fly asunder, induced by one order of forces, and the 
efforts of others to chain them together. The spring is brought 
to the highest state of tension— one tremor more, and it would 
be destroyed. 

We cannot, by any comparison with the labors of the most 
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BkiUiil human artisan, oonvey an idea of the exqnisite perfeotion 
of planetary mechanics, even so far as they have heen discovered 
by the labors of science ; and we must admit that our insight into 
the vast machinery has been very limited. 

All we know, is the fact that this planet moves in a certain 
order, and at a fixed rate, and that the speed is of itself snffident 
to rend the hardest rocks ; yet the delicate down which rests so 
lightly upon the flower is undisturbed. It is, therefore, evident 
, that matter in all its forms is endued with powers, by which mass 
is bound to mass, and atom to atom ; these powers axe not the 
results of any of the motions which we have examined, but, act- 
ing in antagonism to them, they sustain our globe in its present 
form. 

Are there other motions to which these powers can be referred ? 
We know of none. That absolute rest may not exist among the 
particles of matter is probable. Electrical action, chemical power, 
crystalline aggregation, the expansive force of heat, and many 
other known agencies are in constant operation to prevent it. It 
must, however, be remembered, that each and every atom consti- 
tuting a mass may be so suspended between the balanced forces, 
that it may be regarded as relatively at rest. 

Theory imagines Motion as producing Force — a body is moved, 
and its mere mechanical change of place is regarded as genera- 
ting heat ; and hence the refinements of modern science have 
advanced to the conclusion that motion and heat are converti- 
ble. Admitting that the material atoms of which this world is 
formed are never in a state of quiescence, yet we cannot suppose 
any gross ponderable particle as capable of moving itself ; but 
once set in motion, it may become the secondary cause of motion 
in other particles. (^^) The difficulties of the case would appear 
to have been as follows : Are heat, light, electricity, &c. mato* 
rial bodies ? K they are material bodies — and heat, for example. 
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IS the caose of motion *-> most not the calorific matter move itself — 
or if it be not self-moving, by wbat is it moved ? If heat is mate- 
rial, and the primary cause of motion, then matter must have an 
innate power of moving ; it can convert itself into active force, 
or be at once a cause and an effect, which can scarcely be regard- 
ed as a logical deduction. 

We move a particle of matter, and heat is manifested ; the 
force being continued, light, electricity, and chemical action 
result ; all, as appears from a limited view of the phenomena, 
arising out of the mechanical force applied to the particle first 
moved. (^) This mechanical force, it must be remembered, is 
external to the body moved, and is, in all probability, set up by 
the movement of a muscle, acted upon by nerves, under the influ- 
ence of a will. 

The series of phenomena we have supposed to arise, admit of 
an explanation free of the hypothesis of motion, and we avoid the 
dangerous ground of metaphysical speculation, and the subtleties 
of that logic which rests upon the immateriality of creation. 
This explanation, it is freely admitted, is incomplete : we cannot 
distinctly correllate each feature of the phenomena, combine link 
to link, and thus form a perfect chain ; but it is sufficiently clear 
to exhibit what we do know, and leave the unknown free for 
unbiassed investigation. 

Each particle, each atom of that which conveys to our senses 
the only ideas we have of natural objects — ponderable matter — 
is involved in, or interpenetrated by, those principles which we 
call heat or electricity, and probably many others which are un- 
known to us; and although these principles or powers are, 
according to some law, bound in statical equilibrium to inert 
matter, they are freely developed by an external excitement, and 
the disturbance of any one of them, upsetting the equilibrium. 
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leaves the other powers equally free to be brought under the 
cognizance of human sense. 

When we come to an examination of the influences exerted by 
these powers upon the physical earth, the position, that they must 
be regarded as the causes of motion rather than the effects of 
it, will be further considered. At present, it is only necessary 
to state thus generally the views we entertain of the conditions 
of matter in connection with the imponderable forces and me- 
chanical powers. The conversion, as it has been called, of 
motion into heat, in the experiments of Count Eumford and 
Mr. Joule, (^) are only evidences that a certain uniformity exists 
between the mechanical force applied, and the amount of heat 
liberated. It does not appear that we have any proof of the 
conversion of motion into physical power. 

It is necessary, to anything like a satisfactory contemplation 
of the wonderful properties of matter, and of the forces regulat- 
ing the forms, of the entire creation, that we should be content 
with regarding the elementary bodies which chemistry instructs 
us form our globe, as tangible, ponderable atoms, having specific 
and distinguishing properties. That we should, as far as it is pos- 
sible for finite minds to do so, endeavour to conceive the powers or 
forces — gravitation, molecular attraction, electricity, heat, light, 
and the principle which determines all chemical phenomena — as 
manifestations of agencies which hold a place between the most 
subtile form of matter and the spiritual state, which reveals itself 
dimly in psychological phenomena, and arrives at its sublimity in 
the Gtod of the universe. 
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GRAVITATION. 

The forms of Matter — Shape of the Earth — ProbabiUtj of the Mast form- 
ing this Planet having existed in a Nebulous State — Zodiacal Light — 
Comets — ^Volatilization of Solid Matter by Artificial means — The prin- 
ciple of Oravitation — Its Influence through Space and within the small- 
est Limits — GhraTitating powers of the Planets ^- Density of the Earth 
— Certainty of Newton's Law of the Inverse Square — Discovery of 
Neptune — State of a Body independent of Gravitation — Experiment 
explaining Saturn's Ring, &c. — General inference. 

Let us sappose tbe eartb, consisting of three conditions of mat- 
ter -^ the solid, the fluid, and the aeriform — to be set free from 
that power by which it is retained in its present form of a sphe- 
roid flattened at the poles, but still subject to the influences of 
its diurnal and annual rotations. Agreeably to the law which 
regulates the conditions of all bodies moving at high velocities, 
the consequence of such a state of things would be, that our 
planet would Instantly spread itself over an enormous area. The 
waters and the solid masses of this globe would, in all probabili- 
ty, present themselves amidst the other phenomena of space in a 
highly attenuated state, revolving in an orbit around the sun, or 
as a band of nebulous matter, which might sometimes be render- 
ed sensible to sight by condensation in the form of flights of 
shooting stars. (^) 

This may be illustrated by experiment. If upon a rapidly re- 
volving disc we place a ball of dust, it will be almost immecliately 
spread out, and its particles will arrange themselves in a series of 
regular curves, varying with the velocity of the motion. In ad- 
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dition to the disintegration which would arise from the tendency 
of the atoms to fly from the centre, the motion, in space, of the 
planetary mass would naturally occasion a trailing out, and the 
only degree of uniformity which this orb could, under these im- 
aginary conditions, possibly present, would be derived from the 
combined efl&cts of dissimilar motions. 

Amid the remoter stars, some remarkable cloud-like appear- 
ances are discovered. These nebulae, presenting to the eye of the 
observer only a gleaming light, as from some phosphorescent va- 
pour, were long regarded as indications of such a condition as 
that which we have just been considering. Astronomers saw, in 
those mysterious nebulae, a confirmation of their views, which re- 
garded all the orbs of the firmament as having once been thin 
sheets of vapour, which had gradually, from irregular bodies 
traversing space, been slowly condensed about a centre, and 
brought within the limits of aggregating agencies, until, after 
the lapse of ages, they became sphered stars, moving in harmony 
amid the bright host of heaven. (") Geologists seized on those 
views with eagerness, as confirming theoretical conclusions de- 
duced from an examination of the structure of the earth itself, 
and explained by them the gradual accretion of atoms into crys- 
talline or stratified rocks. 

The researches of modem astronomers, aided by the magnifi- 
cent instruments of Lord Kosse,(") have, however, shown that 
many of the most remarkable nebulae are only clusters of stars, 
so remote from us, that the light from them appears blended into 
one diffusive sheet or luminous film. There are, however, the 
Magellanic clouds, and other singular patches of light, exhibit- 
ing changes which can only be explained on the theory of their 
slow condensation. There is no evidence to disprove the position 
that world-formation may still be going on ; that a slow and 
gradual aggregation of particles, under the influence of laws 
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with wbicb we are acquainted, may be constantly in progress, to 
end, eventually, in the formation of a sphere. 

May we not regard the zodiacal light as the remains of a solar 
luminiferous atmosphere, which once embraced the entire system 
of which it is the centre ?( ^^) Will not the strange changes which 
have been seen to take place in cometary bodies, even whilst 
they were passing near the earth, as the division of Biela's 
comet and the ultimate formation of a second nucleus from the 
detached portion, strongly tend to support the probability of the 
idea that attenuated matter has, in the progress of time, been 
condensed into solid masses, and that nebulous clouds must still 
exist in every state of tenuity in the regions of infinite space, (^') 
which, in the mysterious processes of world-formation, will, 
eventually, become stars, and reflect across the blue immensity 
of heaven, in brightness, that light which is the necessary agent 
of organization and all manifestations of beauty. 

The inferences drawn from a careful study of the condition of 
our own globe, is in favor of the assumption of the existence of 
nebulous matter. By the processes of art and manufacture, by 
the operation of those powers on which organization and life 
depend, solid matter is constantly poured oflf in such a state that 
it cannot be detected, as matter, by any of the human senses. 
Yet a thousand results, daily and hourly accumulating as truths 
around us, prove that the solid metals, the gross earths, and the 
constituents of animal and vegetable life, all pass away invisible 
to us, and become ** thin air." We know that, floating around 
us, these volatilized bodies exist in some form or other, and 
numerous experiments in chemistry are calculated to convince 
us, that the most attenuated air is capable, with a slight change 
of circumstances, of being converted into the condition of solid 
masses. Hydrogen gas, the lightest, the most etherial of the 
chemical elements, dissolves iron and zinc, arsenic, sulphur, and 
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carbon ; and from tbe transparent combinations thus formed, we 
can with facility separate those ponderous bodies. Such sub* 
stances must exist in our own atmosphere ; why not in the regions 
of space ? Whether this planet ever floated a mass of nebulous 
matter, only known by its dim and filmy light, or comet-like 
rushed through space with eccentric orbit, are questions which 
can only receive the reply of speculative minds. Whether the 
earth and the other members of the Solar System were ever 
parts of a Central Sun,(^) and thrown from it by some mighty 
convulsion, though now revolving with all the other masses 
around that orb, chained in their circuits by some infinite power, 
is beyond the utmost refinements of science to discover. This 
hypothesis is, however, in its sublime conception, worthy of the 
master-mind that gave it birth. 

All we know is, that our earth is a sphere, which, by the 
effects of its motion, is somewhat enlarged at the equator and 
depressed at the poles; — that it maintains its regular course 
around the sun, in virtue of a force which, acting constantly, 
would eventually draw it into the body of the sun itself; but that 
this force is opposed by the momentum of the revolving mass ; 
— that the same force acting from the centre of the earth itself, 
and from the centre of every particle of its substance, resolves 
the whole into a globular form. 

The principle of Gravitation ("^) is that property of matter by 
which particle is attracted by particle, and mass by mass, the 
less towards the greater. What this may be, we scarcely dare 
to speculate. In the vast area of its action, which opens before 
the eye of the mind, we see a power spanning all space, and 
linking together every one of those myriads of worlds which 
spangle the robe of the Infinite, and we are compelled to pause. 
Is this principle of gravitation a property of matter, or is it a 
power higher than the more tangible forces, is the question which 
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presses on the mind. If we regard it as a subtile principle 
pervading all space, we compel ourselves to look beyond it for 
another power yet more refined; and we cannot halt until, 
ascending from the limitable to the illimitable, we resolve gravir 
tation and it« governing influence to the centre of all power — 
the will of the eternal Creator. 

Science has developed the grand truth, that it is by the exer- 
cise of this all-pervading influence that the earth is retained in its 
orbit — that the ciystal globe of dew which glistens on the leaf 
is bound together — that the debris which float upon the lake 
accumulates into one mass — that the sea exhibits the pheno- 
mena of the tides — and the aerial ocean its barometric changes. 
In all things this force is active, and throughout nature it is ever 
present. Our knowledge of the laws which it obeys, enables us 
to conclude that the sun and distant planets are consolidated 
masses like this earth. We find that they have gravitating 
power, and by comparing this influence with that exerted by the 
earth, we are enabled to weigh the mass of one planet against 
another. In the balance of the astronomer, it is as easy to poise 
the remote star, as it is for the engineer to calculate the weight 
of the iron tunnel of the Menai Straits, or any other mechanical 
structure. Thus throughout the universe the balance of gravitat- 
ing force is unerringly sustained. If one of the most remote of 
those gems of light, which flicker at midnight in the dark dis- 
tance of the starry vault, was, by any power, removed from its 
place, the disturbance of these delicately balanced mysteries 
would be felt through all the created systems of worlds. 

From the peculiarity of the laws which this power called 
gravity obeys, it has been inferred that it acts from centres of 
force ; it is proved that its power diminishes in the inverse ratio 
of the squ^e of the distance, and that the gravitating power of 
every material body is in the direct proportion of its mass. In 
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astronomieal calculations we have first to learn the mass of our 
earth. Experiment informs us that the density of our hardest 
rock is not above 2.8 ; but from the enormous pressure to which 
matter must be subjected, at great depths &om the surface, the 
weight of the superincumbent mass constantly increasing, it is . 
quite certain that the earth's density must be far more than this. 
Maskelyne suspended a plummet over Schehallion,(^) and 
Cavendish, with exceedingly delicate apparatus, observed the 
attraction of masses of known weight and size upon each other ; 
and applying the powers of arithmetical calculation, and the data 
obtained from the small experiments to the larger phenomena, 
the first determined the earth's mean density to be 4.71, whilst 
the latter made it 5.48, and the more recent refined investiga- 
tions of Baily have determined it to be 5.67. (^) 

From data thus obtained by severe inductive experiments and 
mathematical analyses, the astronomer, by observing the devia- 
tions of a distant star from a true path, is enabled to determine 
the influence of those stellar bodies near which it passes, and, 
hence, to calculate the relative magnitude of each. The accuracy 
of the law is in this way put to the severest test, and the preci- 
sion of astronomical prediction is the strongest proof of its uni- 
yersalityand truth. 

Boiling onward its lonely way, in the far immensity of our 
system, the planet Uranus was discovered by the elder Herschel, 
— so great its distance that its diminished light could scarcely 
be detected by the most powerful telescopes ; but since its dis- 
covery its path has been carefully watched, and some irregulari- 
ties noticed. Most of these disturbances were referable to known 
causes ; but a little trembling observed when the planet was in 
one portion of its vast orbit was unexplained. Convinced of the 
certainty of Newton's law, these deviations were referred to the 
gravitating influence of a mass unknown to us ; and by the in- 
4» 
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yestigatioQS of Adams in England, (^) and Le Yorrior in 
France, (^) the place of an hypothetical planet was detennined; 
and as a grand confirmation of the great law, and to the glory of 
those two far-searching minds, who do honor to their respective 
countries and their age, the hypothesis became a fact, in the 
discovery of the planet Neptune in the place determined by rigor> 
ous calculation. Astronomy afibrds other examples of the 
sublime truth of the law of gravitation^ than which science can 
a£R>rd no more elevated poetry. 

So completely is all nature locked in the bonds of this infinite 
power, that it is no poetic exaggeration to declare, that the blow 
which rends any earthly mass is conveyed by successive impulses 
to every one of the myriads of orbs, which are even too remote 
for the reach of telescopic vision. 

An illustrative experiment must close our consideration of 
this remarkable principle. We well know that a body in a fluid 
state would, if suspended above the earth, it being at the same 
time free to take any form, naturally assume that of a flattened 
spheroid, from the action of the mass of the earth upon it; 
whereas the force of cohesive attraction acting equally from aU 
sides of a centre, would necessarily produce a perfect sphere. 
The best method of showing that this would be the case, is as 
follows : — 

Alcohol and water are to be mixed together until the fluid is 
of the same specific gravity as olive oil. If, when this is efifect- 
ed, we drop globules of the oil into the mixed fluid, it will be 
seen that they take an orbicular form ; — and, of course, in this 
experiment the power of the earth's gravitating influence is neu- 
tralized. The same drops of oil under any other conditions 
would be flattened. Simple as this illustration is, it tells much 
of the wondrous secret of those beautifully balanced forces of 
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cohesion and of gravitation ; and from the prosaic fact we rise to 
a great philosophical truth. Our experiment may lead us yet 
farther in exemplification of known phenomena. K we pass an 
iron wire through one of those floating spheres of oil, and make 
it revolve rapidly, imitating the motion of a planet on its axis, 
the oU spreads out, and we have the spheroidal form of our 
earth. Increase the rapidity of this rotation, and when a certain 
rate is ohtained the oil divides, and a ring, connected by the 
finest possible film with the central globe, revolves around it. (^) 
Here we have a minute representation of the ring of Saturn. 
This is a suggestive experiment, the repetition of which, by re- 
flective minds, cannot fail to lead to important deductions. The 
phenomena of cohesion, of motion, and gravitation, are all in- 
volved ; and we produce results resembling, in a striking man- 
ner, the conditions which prevail in the planetary spaces, under 
the influence of the same powers. 

From the centre of our earth to the utmost extremity of the 
universe — from the infinitely small to the immensely vast — 
gravitation exerts its force. It is met on all sides by physical 
powers acting in antagonism to it, but like a ruling spirit it re- 
strains them all. 

The smallest dust which floats upon the wind 
Bears this strong impress of the eternal mind. 
In mystery round it, subtile forces roll ; 
And gravitation binds and guides the whole. 
In every sand, before the tempest hurled, 
Lie locked the powers which regulate a world, 
And from each atom human thought may rise 
•"With might to pierce the mysteries of the skies,— 
To try each force which rules the mighty plan, 
Of moving planets, or of breathing man ; 
And from the secret wonders of each sod. 
Evoke the truths, and learn the power of God. 
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CHAPTER IV. 

MOLECULAR FORCES. 

Conditions of Matter— Variety of organized Forms — Inorganic Forms 
—-All matter reducible to the most simple conditions — Transmuta- 
tion, a natural operation — Chemical Elementary Principles — Divis- 
ibility of Matter — Atoms — Molecules -^ Particles — Molecular Force 
includes several Agencies — Instanced in the Action of Heat on Bod- 
ies — All Bodies porous — Solution — Mixture — Combination — Cen- 
tres of Force — Different states of Matter (Allotropic Conditions) — 
Theories of Franklin, ^pinus, and Coulomb — Electrical and Mag- 
netic Agencies— Ancient Notions — Cohesive Attraction, &c. 

In contemplating the works of nature, we cannot but regard, 
with feelings of religious admiration, the infinite variety of forms 
under which matter is presented to our senses. On every hand 
the utmost diversity is exhibited ; through all things we trace 
the most perfect order ; and over all is difiused the charm of 
beauty. It is the uneducated or depraved alone who find de- 
formities in the creations by which we are surrounded. 

The three conditions of matter are — the solid, the fluid, and 
the aeriform ; and these belong equally to the organic and the 
inorganic world. 

In organic nature we have an almost infinite variety of animal 
form, presenting developments widely different from each other, 
yet in every case suited to the circumstances required by the 
position which the creature occupies in the scale of being. Through 
the entire series, from the Polype to the higher order of animals, 
even to man, we find a uniformity in the progress towards per- 
fection, and a continuity in the series, which betrays the great 
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secret, that the mystery oi life is the same in all,— a pervading 
spiritnal essence associated mih matter, and modifying it by the 
master-mechanism of an Infinite mind. 

In the vegetable clothing of the surface of the earth, which fits 
it for the abode of man and animals — from the confervse of a 
stagnant pool, or the lichen of the wind-beaten rock, to the lordly 
oak or towering palm — a singalarly beautiful chain of being, and 
of gradual elevation in the scale of organization, presents itself to 
ihe contemplative mind. 

In the inorganic world, where the great phenomena of life are 
wanting, we have constantly exhibited the working of powers of 
a strangely complicated kind. The symmetrical arrangement of 
crystals — the diversified characters of mineral formations — the 
systematic aggregation of particles to form masses possessing 
properties of a peculiar and striking nature — all prove that agen- 
cies, which science, with all its refinements, has not yet detected, 
are unceasingly at work. Heat, electricity, chemical power — 
whatever that may be — and the forces of cohesion, are known to 
be involved in the production of the forms we see ; but contem- 
plation soon leads to the conviction that these powers are subor- 
dinate to others which we know not of. We know only the 
things belonging to the surface of our planet, and these but 
superficially. The geologist traces rock-formations succeeding 
each other (from the primary strata holding no traces of organized 
forms, through the Paleozoic series, in which, step by step, the 
history of animal life is recorded,) to the more recent formations, 
teeming with relics, which, though allied to some animal types 
still quickened with life, are generally such as have passed away. 
The naturalist searches the earth, the waters, and the air, for 
their living things; and the diversity of form, the variety of con- 
dition, and the perfection of organization which he discovers as 
belonging to this our epoch — differing from, indeed bearing but a 
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slight relation to, those which mark the earth's mutations — 
exhibit, in a most striking view, the endless variety of characters 
which matter can assume. 

Wc are so accustomed to all these phenomena of matter, that 
it is with some difficulty we can bend ourselves to the study of 
the more simple conditions in which it exists. 

The solid crust of this telluric sphere — the waters and the at- 
mosphere — the diversified fabrics of the vegetable kingdom — and 
the still more complicated structures of men and animals — are, 
altogether, but the aggregation of minute particles in accordance 
with certain fixed laws. By mechanical means all kinds of mat- 
ter may be reduced to powder, the fine particles of which would 
not appear very different from each other ; but each atom has been 
impressed with properties peculiar to itself, which man has no 
power to change. 

To nature alone belongs the mysterious property of transmu- 
tation. The enthusiastic alchemist, by the agency of physical 
forces, dissipates a metal in vapour ; but it remains a metal, and 
the same metal still. By the Hermetic art, he breaks up the 
combination of masses ; but he cannot alter the principles of any 
one of the elements which formed the mass upon which his skill 
is tried. 

Every atom is invested with properties peculiar to all of its 
class ; and each one possesses powers, to which in mute obedience 
it is compelled, by which these properties are modified, and the 
character of matter varied. What are those properties ? Do we 
know anything of those powers ? 

The earth, so far as we are acquainted with it, is composed of 
about sixty principles, which we call elementary. These are the 
most simple states to which we can reduce matter, and from them 
all the forms of creation yet examined by the chemist are pro- 
duced. These elementary principles are, some of them, permanentr 
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ly gaseous under the ordinaiy temperature, and others exist as 
solid masses ; the difference between the two conditions being 
regulated, as it appears, by the opposing forces of heat and co- 
hesiye attraction. 

Matter has been regarded by some as infinitely divisable ; but 
the known conditions of chemical oombinations lead to the con- 
elusion that there are limits beyond which matter cannot be 
divided. (^) The theory of atoms having determinate characters, 
and possessing symmetric forms, certainly has the advantage of 
presenting to the human mind a starting-point — a sort of standing 
ground, from which it can direct the survey of cosmical pheno- 
mena. The metaphysical hypothesis, which resolves all matter 
into properties, and refers all things to ideas, leaves the mind in 
a state of uncertainty and bewilderment. 

Adopting the views of Dumas, with some modifications, (^) it 
will be found more satisfactory to regard the uUimaie aioms of 
matter as points beyond the reach of our examination ; which, 
according to a law determined by the influences of the so called 
imponderable forces, unite to form moUcvles. Again, these 
molecules combine to form Hhe particles of the mass which we may 
regard as the limit of mechanical division. 

The particles of solid bodies are solid, those of fluids fluid, and 
those of gaseous bodies are themselves aeriform ; but it does not 
follow that the molecules of any body should be necessarily solid, 
fluid, or aeriform, from the circumstance of their having formed 
the particles of a body in one of these states. 

As this planet — a molecule in space — is formed of aggregated 
atoms, and enveloped by its own physical agencies — and as it is 
involved in the infinitely extending influences of other planetary 
molecules, and thus forms part of a system — so the molecules of 
any mass are grouped into a system or particle, which possesses 
the great characteristic features of the whole. 
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In an aeriform body the particlos are in a state of extreme 
tenuity, the molecules being themselves, by the influence of some 
repulsive force, just on the verge where cohesion exerts its de- 
caying power. In fluid bodies, the attenuation of the particles is 
less — the parlicles and also the molecules are nearer together. 
Whereas, in the solid body, the forces of cohesion are most 
strongly exerted, and all the molecular conditions brought more 
powerfully into action. 

Under the term molecular force, we include several agencies 
which are not alike, but which are all-powerful in producing the 
general characteristics of bodies. These require a somewhat close 
examination. All the particles of even a solid mass are at a dis- 
tance from each other, and are free to move. By heat we can 
increase the length and thickness of a bar of iron, or any other 
metal. Fluids and gases in like manner obey the dispersive in- 
fluence of caloric. From these and other analogous results we 
learn that all bodies have a greater or less degree of porosity. 
The distance at which the particles of fluid bodies are maintained, 
is strikingly proved by the fact, that hydrated salts dissolved in 
water occupy no more space than that which is equal to the water 
contained in the crystalline body. All the solid matter of the 
salt must, in these cases, go to All up the interstitial spaces of the 
fluid. (^) 

The conditions which regulate the solubility of bodies, and the 
power of solution, regarded either as a mechanical or a chemical 
process, are very obscure. We might be led to suppose, that 
those bodies possessing the largest amount of unoccupied space 
were capable of holding the greatest quantity of soluble matter 
dissolved. This is not the case as a general rule. 

The peculiar manner in which hydrogen gas appears to dissolve 
solid substances, as iron, potassium, sodium, sulphur, phosphorus, 
selenium, and arsenic, is explained by regarding the result as one 
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of a cbemical character, and only a manifestation of the powers of 
affinity over the forms of bodies. In like manner the solution of 
salt in water, or the mixture of alcohol in that fluid, may be 
viewed as a chemical phenomenon, although usually considered 
as simple cases of solution or mixture. Alterations of temperar 
ture and other physical changes take place in all. If two masses 
of metal, tin and copper for example, are melted and combined, 
the united mass will not equal the bulk of the two masses. If % 
pint measure of oil of vitriol and an equal quantity of water are 
mixed together, the combined fluids will not fill a two pint 
measure. (*) 

In these instances a large quantity of heat is rendered sensible, 
as if it had been squeezed out, by the force with which the parti- 
cles united, from interstices which it would appear were filled with 
what we may be allowed to call an atmosphere of heat. Hence 
we conclude that, amongst the influences determining the mole- 
cular constitution of a body, heat performs an important part. 
All these facts go to prove that the atoms which form the com- 
pound body, whatever may be its character, are disposed of as 
so many centres of force, which act by influences of a pecyliar 
character upon each other. That these influences are dependent 
upon known physical forces is certain ; but the laws by which 
the powers of the ultimate atom are altered remain still unknown. 

In the great operations of nature, changes are produced which 
we cannot understand, and variations of condition do certainly 
occur, which may be regarded as instances of transmutation. 

Amongst others, we may adduce the different states in which 
we know carbon to exist. We have the diamond with its beauti- 
ful light-refracting property, its hardness, and high specific grav- 
ity, capable of being converted into graphite and coke.(®) Char- 
coal, graphite, and the diamond are totally unlike each other, yet 
we know they are each composed of the same atoms. Charcoal is 
5 



Digitized by VjOOQ iC 



60 ALLOTBOPIC CONDITIONS OF THS ULTIMATE ATOMS. 

a black irregular substance, ligbt, and readily inflammablo ; 
graphite is crjstallizable ; but the forms of its crystals cannot be 
referred to those of the diamond, and it burns with difficulty. The 
diamond occurs in the most regular and beautifully transparent 
forms ; and it can be burned only at the highest artificial temper 
atures. We are, however, convinced by experiment that the 
brilliant and transparent gem is made up of the same atoms as 
those which go to form the dull black mass of charcoal. What is 
the mystery of this ? We know not. These peculiar conditions 
have been the subjects of anxious study ; but science has not yet 
let in a ray of light upon the mystery. That a diflferent state — it 
has been called an aUotropic condition — is often induced in the 
same class of atoms is certain ; and hence the variety of the result- 
ing compounds. To continue our illustrations with carbon — 
may not its combinations, in uniform proportions with oxygen and 
hydrogen, (**) owe their differences to some aUotropic change ia 
the ultimate atoms of this element ? 

We know that silicium — the metallic base of flint — is 
capable of assuming two or more different states ; and sulphur, 
selenium, phosphorus, and arsenic are susceptible of these 
remarkable changes. Copper, iron, tin, and manganese arc 
known to exist in at least two states, and many of the rarer metals 
exhibit the same peculiarity. (^) Hence, may we not infer that 
some of those substances, which we now term elementary, are but 
dissimilar conditions of the same element? The remarkable 
resemblance between many of those bodies strengthens the 
speculation. Iridium and platinum, iron and nickel, chlorine, 
bromine, iodine, and probably fluorine, are good examples of these 
similarities, although these bodies are all distinguished by physical 
and chemical differences. 

The light-refracting gem, which glistens on the neck of beauty, 
and is valued for its pure transparency, differs only from the rude 
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lump of coke in its molecular arrangement. Chemistry teaches ns 
that we may, without producing any disarrangement of affinities, 
but merely by setting up molecular disturbance, effect decided 
changes, as is strikingly shown in the colour of iodide of mercu- 
ry, under the influence of heat ; — and by a slight change, merely 
molecular, produced by caloric, iron maybe made to resemble 
platinum in its chemical relations C^) On studying this question 
we certainly find good reason for supposing that bodies, resem- 
bling each other in most of their properties, are the result of 
different conditions which have been impressed upon the ultimate 
atoms, similar to those discovered in the substances we have 
named. This hypothesis appears to be more in accordance with 
the great principles which we must conceive guided the labours 
of an Infinite Mind, than that which supposes a vast number of 
individual creations. It will be seen in the sequel that light, 
heat, electricity, and chemical action have the power of producing 
yet more striking changes in the forms of bodies ; and it is prob- 
able that, according to the operations of these agents, either 
combined or separate, acting over different spaces of time, and 
nnder varying circumstances, in relation to the molecular forces, 
all those allotropic states may be produced. Hence bodies may 
gtill be discovered, which, from the imperfections of science, 
resisting our means of decomposition, must, for a time, be 
regarded as new elements. 

The experiments of Faraday prove that all matter is in certain 
polar conditions, having apparently the powers of mutual attrac- 
tion and repulsion. (^) Are the molecular forces to be referred 
to any of those powers? Are they not probably the result of 
some ultimate principle of which these properties are but the 
modified manifestations ? 

Franklin supposed the minute atoms of bodies to be surround- 
ed with a fluid or ether, which they condensed upon their sur- 
hxies with great force — and we have experiments showing that 
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ibis is the case — (^) whilst he regarded the atoms of the ether 
Itself as mutoally repellent, thus establishing an equilibrium of 
forces. JBpinus reduced the hypothesis of Franklin to a mathe- 
matical theory ; and Coulomb proved that the force with which 
the repulsion of the ethereal atoms and the attraction of the 
material molecules are produced, is, like universal attraction, to 
whatever power that may be due, regulated by the law of the 
inverse ratio of the square of the distance. These views are 
found,, upon minute examination, to hold true to the phenomena 
with which inductive science has made us acquainted ; and the 
striking manner in which, when submitted to the rigorous inves- 
tigations of geometers, they agree with known conditions of elec- 
tricity, appears certainly to favor the opinion that this power 
may be materially connected with these molecular arrangements. 

Many of the phenomena which are connected with the mag- 
netic influences, also bear in a remarkable manner upon this in- 
quiry. But, without the necessary proof of direct experimental 
evidence, it were as unphilosophical to refer the binding together 
of the molecules of matter to the agency of electricity, in any 
of its modes, as it would be to adopt the theory of the hooked 
atoms of Epicurus, or the astrological dream of the sympathies 
of matter. C*') 

Science, however, enables us to infer with safety that the 
mechanbm which regulates the constitution of a cube of marble, 
or a granite mountain, is of the same order as that which deter- 
mines the earth's place in the solar system, and the situation of 
the solar system in the immensity of space. 

In fine, cohesion, or the attraction of aggregation, is a power 
employed in binding particle to particle. To cohesion, we find 
we have caloric opposed as a repellent force ; and the mysteri- 
ous operations of those electrical phenomena, generally referred 
to as polar forces, are constantly, it is certain, interfering with 
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the powers of cohesion. In addition, we hare seen that in nar 
ture there exists an agency which is capable of changing the con- 
stitution of the ultimate atoms, and of thus ^ving variety to each 
resulting mass. What this power may be, our science cannot 
tell ; but our reason leads us, with firm conviction, to the belief 
that it is a principle which is, beyond all others in its subtile 
influences, manifesting to us the divine power of the omniscient 
Creator. 

The molecular forces involve a consideration of all the ki^own 
physical powers, the study of which, in their operations on mat- 
ter, will engage our attention. But it is pleasant to learn, as 
we advance, step by step in our examination of the phenomena 
of creation, that we may study the grand in what externally ap- 
pears the simple, and learn, in the mysteries of a particle, the 
high truths which science has to tell of a planet. 

It may appear that we regard the forces of gravitation and 
cohesion as identical. Many phenomena, which we are enabled 
to reach by the refinements of inductive inquiry, certainly pre- 
sent to us a striking similarity in the laws which regulate the 
operations of these powers; but it must be remembered that 
their identity is not established. To quote the words of Young : 
" The whole of our inquiries respecting the intimate nature of 
forces of any kind must be considered merely as speculative 
amusements, which are of no further utility, than as they make 
our views more general, and assist our experimental investiga- 
tions."n 
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. CHAPTJIR V. 

CRYSTALLOGENIC FORCES. 

Crystallization and Molecular Force distinguished — Experimental Proof 
— Polarity of Particles forming a Crystal — Difference between Or- 
ganic and Inorganic Forms — Decomposition of Crystals in Nature—- 
Substitution of Particles in Crystals — Pseudomorphism — Crystal- 
line Form not dependent on Chemical Nature — Isomorphism — Di- 
morphism — Theories of Crystallogenic attraction — Influence of 
Electricity and Magnetism— Phenomena during Crystallization-- 
Can a change of Form take place in Primitive Atoms ?— Illustrative 
example of Crystallization. 

" Crystallization is a peculiar and most admirable work of na- 
ture's geometry, worthy of being studied with all the power of 
genius, and the whole energy of the mind, not on account of the 
delight which always attends the knowledge of wonders, but be- 
cause of its vast importance in revealing to us the secrets of na- 
ture ; for here she does, as it were, betray herself, and, laying 
aside all disguise, permits us to behold, not merely the results 
of her operations, but the very processes themselves." Such is 
the language of an Italian philosopher, Gulielmini, and it is the 
striking peculiarity of beholding the process of the formation of 
the regular geometric figures of crystals, the gradual accretion of 
particle to particle, which induces us to separate crystallization 
from mere molecular aggregation. Without doubt the formation 
of a crystal and the production of an amorphous block are due 
to powers which bear a close resemblance in many points ; but 
they present remarkable differences in others. 

Let us take some simple case in illustration. In quiet water 
we have very finely divided matter suspended, and matter in a 
state of solution. The first is slowly precipitated, and in pro- 
cess of time consolidates into a hard mass at the bottom, pre- 
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senting no particular character, unless it has been placed in 
peculiar physical conditions ; when, as in nature, we have a 
regular bedding which is intersected by lines of lamination or of 
cleavage, which we are, from experiment, enabled to refer to the 
influence of current electricity. The second — the matter in 
solution — is also slowly deposited ; but it is accumulated upon 
nuclei which possess some peculiar disposing powers, and every 
particle is united by some particular face, and an angular figure of 
the most perfect character results. Many pleasing experiments 
would appear to show that electricity has much to do in the 
process of crystallization ; but it is evident that it must be under 
some peculiarly modified conditions that this power is exerted, if, 
indeed, it has any direct action. 

The same substances always crystallize in the same forms, 
unless the conditions of the crystallizing body are altered. It 
has been supposed that each particle of a crystalline mass has 
certain points or poles which possess definite properties, and 
that cohesion takes place only along lines which have some 
relation to the attracting or repelling powers of these poles. We 
shall have,' eventually, to consider results which appear to prove 
that magnetism is universal in its influence, and that this polarity 
of the particles of matter may be referred to it. 

Be the cause of crystallization what it may, it presents to us 
a near approach in inorganic nature to some of the peculiar func- 
tions of organized creation. In the one, we have the gradual 
accretion of parts and the formation of members due to peculiar 
powers of assimilation, each individual preserving all its distin- 
guishing features ; and in the other, we have a regular order of 
cohesion occurring under the influence of a power which draws 
like to like, and arranges the whole into a form of beauty. 

We must, however, remember that a striking diflference exists 
between the productions of the mineral and the other kingdoms 
of nature. Animals and vegetables arrive at maturity by suo- 
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oesmve developments, and increase by the assimilation of sub- 
stances, haying the power of producing the most important 
chemical changes upon such matter as comes with the range of 
their influence ; but minerals are equally perfect in the earliest 
stages of their formation, and increase only by the accretion of 
particles without their undergoing any change. 

The animal and yegetable tribes cease to continue the functions 
of life : death ensues, and a complete disorganization takes place ; 
but this is not the case in the mineral world : the crystal being 
the result of a constantly acting force is not necessarily liable to 
decomposition. Nevertheless, we find in nature that crystals, 
after arriving at what may be regarded as, in some sort, their 
maturity, are, owing to a change of the conditions under which 
they were formed, gradually decomposed. In our mines we 
find skeletons of crystals, and within the cavity thus formed, 
others of a different constitution and figure find nuclei, and the 
conditions required for their development. Again, to give a 
striking instance, the felspar crystals of the granitic formations 
are liable to decomposition in a somewhat peculiar manner. In 
decomposing, these crystals leave moulds of their own peculiar 
forms, and it not unfrequently happens, in the stanniferous 
districts of Cornwall, that oxide of tin gradually fills these 
moulds, and we procure this metallic mineral in the form of the 
earthy one. Again, we have the curious instances of bodies 
crystallizing in a false form under change of circumstances. We 
find, for example, Pseudomorphism, as this peculiar class of 
phenomena is named, occurring by the removal of the constituent 
atoms of one body, while another set, which naturally assumes a 
different form, takes their place, yet still preserving the original 
shape. It often happens that copper pyrites will, in this manner, 
exhibit the angles of an ordinary variety of crystallized carbonate 
of iron. These curious changes may be familiarized by suppos- 
ing a beautiful form of gold, which some skilful mechanic takes 
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to pieces, particle by particle, so skillfully substituting a grain 
of brass for every one of gold removed, that the loss of the 
precious metal cannot be detected by any mere examination of 
its form. 

Crystalline form is not strictly dependent upon the chemical 
nature of the parts forming the crystal. The same number of 
atoms, arranged in the same way, produce the same form. Sub- 
stances much unlike each other will assume the same crystalline 
arrangement. Magnesia, lime, oxide of cadmium, the protoxides 
of iron, nickel, and cobalt combined with the same acid, present 
similarly formed bodies. These Isomorphic (^) peculiarities are 
so common that the discoverer of the phenomena, Mitscherlich, 
announces as a law, " that the chemical elements of which all 
bodies consist are susceptible of being classified in distinct 
groups." 

We also find compounds which have two distinct systems of 
crystallization. This property, Dimorphism, is very strikingly 
shown in carbonate of lime, which occurs in rhombohedrons, in 
calc spar, and in rhombic prisms in arragonite. 

Crystals are found of the most microscopic character, and of 
an exceedingly large size. A crystal of quartz at Milan is three 
feet and a quarter long, and five feet and a half in curcumference, 
and its weight is 870 pounds. Beryls have been found in New 
Hampshire measuring four feet in length. (^) 

In the dark recesses of the earth, where the influences which 
produce organization and life cease to act, a creative spirit still 
pursues its never-ending task of giving form to matter. 

The science of cry8tallogeny,(^) embracing the theoretical 
and practical question of the causes producing these geometric 
forms, has in various ways attempted to explain the laws accord- 
ing to which molecules arrange themselves on molecules in per- 
fect order, giving rise to a rigidly correct system of architecture. 
But it cannot be said that any theory yet propounded is suffi- 
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ciently exact to embrace the whole of the known phenomena, 
and the questions, — What is crystallogenic attraction, and what 
is the physical nature of the ultimate particles of matter, — are 
still open for the inquiries of that genius which delights in wrest- 
ling with the secrets of nature. 

The great Epicurus speculated on the " plastic nature " of 
atoms, and attributed to this nature the power they possess of 
arranging themselves into symmetric forms. Modern philos- 
ophers satisfy themselyes with attraction, and, reasoning from 
analogy, imagine that each atom has a polar system. 

Electricity, and light, and heat, exert remarkable powers, and 
both accelerate and retard crystallization ; and we have recently 
obtained evidence which appears to prove that some form of mag- 
netism has an active influence in determining the natural forms of 
crystals. Electricity appears to quicken the process of crystalline 
aggregation — to^ollect more readily together those atoms which 
Beek to combine — to bring them all within the limits of that influ- 
ence by which their symmetrical forms are determined ; and strong 
evidence is now aflforded, in support of the theory of magnetic 
polarity, by the refined investigations of Faraday and Plucker, 
which prove that magnetism has a directing influence upon crys- 
talline bodies in direct dependence upon the crystalline or optic 
axes of the body. (^) 

It has been found that crystals of sulphate of iron, slowly 
forming from a solution which has been placed within the range 
of powerful magnetic force, dispose themselves along certain mag- 
netic curves ; whereas the Arbor Dianae, or silver tree, forming 
under the same circumstances, takes a position nearly at right 
angles to these curves. Certain groups of crystals have been 
found in nature, which appear to show, by their positions, that 
terrestrial mao^netism has been active in producing the phenom- 
ena they exhibit. (*^) 
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During rapid crystallization, some salts — as the sulphate of 
soda, boracicacid, and arsenious acid crystallizing in muriatic acid 
— exhibit decided indications of electrical excitement. Light is 
given out in flashes, and we have evidence that crystals exhibit a 
tendency to move towards the light. Professor Plucker has 
ascertained that certain crystals — in particular the cyanite — 
•* point very well to the north, by the magnetic power of the 
earth only. It is a true compass needle ; and, more than that, 
you may obtain its declination." We must remember that this 
crystal, the cyanite, is a compound of silica and alumina only. 
This is the amount of experimental evidence which science has 
afforded in explanation of the conditions under which nature pur- 
sues her wondrous work of crystal formation. We see just suflOi- 
cient of the operation to be convinced that the luminous star 
which shines in the brightness of heaven, and the cavern-secreted 
gem, are equally the result of forces which are known to us in 
only a few of their modifications. 

Every substance, when placed under circumstances which 
allow of the free movement of its molecules, has a tendency to 
crystallize. All the metals may, by slowly cooling from the 
melting state, be exhibited with a crystalline structure. Of the 
metallic and earthy minerals, nature furnishes us with an almost 
infinite variety of crystals, and by a reduction of temperature, yet 
more simple bodies assume the most symmetric forms. Water, 
in the conditions of ice and snow, is a familiar and beautiful ex- 
ample ; and, by such extreme degrees of cold as are artificially 
produced, many of the gases exhibit a tendency to a crystalline 
condition. 

May not the solid elementary atoms be susceptible of change 
of form under different influences ? May not the different states 
under which the same bodies are found — as, for example, silica, 
carbon, and iron — be due entirely to a change in the form of 
the prifflidve atom ? 
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Admitting the probability of tbis, we tben easily see tbat 
tbe central molecule, formed of an aggregation of sucb atoms, 
uniting by particular faces, would present a determinate form ; 
and tbat tbe resulting crystal, a mass of sucb molecules, cobering 
according to a given law, at certain angles, would present such 
geometric figures as we find in nature, or produce in our labora- 
tories, wben we avail ourselves of processes wbicb nature baa 
taugbt us. 

If we take a particle of marble, and place it in a large quantity 
of water acidulated witb sulpburic acid, it dissolves, and a new 
compound results. The marble disappears — tbe eye cannot 
detect it by form or colour : tbe acid also bas been disguised — 
tbe taste discovers notbing sour in tbe fluid. We bave, in com- 
bination witb tbe water, tbe lime and sulpburic acid ; but tbat 
combination appears to tbe eye in no respect dififerent from the 
water itself. It is colourless and perfectly transparent, although 
it bolds a mass of solid matter wbicb previously would not allow 
of tbe passage of a ray of Hgbt. Let us expose tbis fluid to such 
circumstances tbat tbe water will slowly evaporate, and we shall 
find forming in it, after a time, microscopic particles of solid, 
light-refracting matter. These particles gradually increase in size, 
and we may watch their growth until eventually we bave a sym- 
metric figure, beautifully shaped, tbe primary form of which is 
a right rbomboidal prism. Thus in nature, by the action, in all 
probability, of vegetable matter on the sulphates held in solution 
by tbe water of tbe great rivers and the ocean — aided by our 
oxidizing atmosphere — sulphuric acid is formed to do its work 
upon the limestone formations, and from tbis combination would 
result tbe well-known gypsum, or plaster of Paris, which ordina- 
rily exists as an amorphous mass, but is often found in a crystal- 
line form. (**) 

This is a very perfect illustration of tbe wonderful process we 
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have been considering, and in which, simple thongh it appears to 
be, we have set to work a large proportion of the known physical 
elements of the nniverse. By studying aright the result which 
we have it in our power to obtain in a watch-glass, we may ad" 
yance our knowledge of gigantic phenomena, which are now pro- 
gressing at the bottom of the ocean, or of the wondrous agencies 
which are in operation, producing light-refracting gems within the 
secret recesses of the rocky crust of our globe. 
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CHAPTER VL 

HEAT — SOLAR AND TERRESTRIAL. 

Solar and Terrestrial Heat — Position of the Earth in the Solar System — 
Heat and Light associated in the Sunbeam — Transparency of Bodies 
to Heat — Heating Powers of the Coloured Rays of the Spectrum — 
Undulatory Theory — Conducting Property of the Earth's Crust — Con* 
yection -^ Radiation — Action of the Atmosphere on Heat-Rays — Pe- 
culiar Heat-Rays — Absorption and Radiation of Heat by dissimilar 
Bodies — Changes in the Constitution of Solar Beam— Difference be- 
tween Transmitted and Reflected Solar Heat — Phenomena of Dew — 
Action of Solar Heat on the Ocean — Circulation of Heat by the At- 
mosphere and the Ocean — Heat of the Earth — Mean Temperature 

— Central Heat — Constant Radiation of Heat- Rays from all Bodies 

— Thermography — Action of Heat on Molecular Arrangements — 
Sources of Terrestrial Heat — Latent Heat of Bodies — Animal Heat 
~~ Natural Phenomena. 

We receive heat from the sun, associated with light ; and we have 
. the power of developing this important principle in many ways, 
from nearly every kind of matter. Our convictions are, that the 
calorific element, whether derived from a solar or terrestrial source, 
presents no essential difference in its physical characters ; but as 
there are some remarkable peculiarities in the phenomena, as they 
arise from either one or the other source, it will assist our compre- 
hension of this great principle, if we consider it under the two 
heads. 

Untutored man finds health and gladness in the warmth and 
light of the sun, and he rears a rugged altar, and bows his soul in 
prayer, to the principle of fire, which in his ignorance he regards 
as the giver and supporter of life. The philosopher finds life and 
organization dependent upon the powers combined in the sun- 
beam ; and, examining the phenomena of this wonderful band of 
foioes, he is compelled to acknowledge that the flame upon the 
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altar is indeed a dim shadow of the infinite wisdom which abides 
behind the veil. 

The present condition of our earth is directly dependent npon 
the amonnt of heat we receive from the sun. If it were possible 
to move this planet so much nearer that orb, that the quantity of 
heat would be much increased, the circumstance of life would 
necessarily be so far changed, that nearly all the present races of 
animals must perish ; and the same result would happen from any 
alteration which threw us yet farther from our central luminary, 
when, owing to the extremity of cold and the wretchedness of 
gloom, all living creatures would equally fail to support their 
organizations. 

All things are adapted to the circumstances of the position of 
the earth in relation to the sun, to which, as we have shown, we 
are bound by the principle of gravitation ; and in our examination 
it will be found that one common system of harmony runs through 
all the cosmical phenomena, by which everything is produced that 
is so beautiful and joyous in this world. 

Heat and the other elementary radiant principles, are often 
combined as the common cause of effects evident to our senses. 
The warmth of the solar rays and their luminous influence, are 
not, however, commonly associated in the mind as the results of 
a single cause. It is only when we come to examine the physical 
phenomena connected with these radiations that we discover the 
complexity of the inquiry. Yet it is out of these very subtle 
researches that we draw the most refined truths. The high infer- 
ences to which the analysis of the subtile agencies of creation leads 
us, render science, pursued in the spirit of truth, a great system 
of religious instruction.. 

Although we do not fear that heat and light can be confounded 
in the mind, so different are their phenomena, yet it is important 
to show how far these two principles have been separated from 
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eaob other. Transparent bodies bave very varioos powers of 
calorific transparency, or transcalescenoe : some obstmcting tbe 
heat of bodies at rery high temperatures, almost enUrelj in the 
thinnest layers ; whilst others will allow even the heat of the hand 
to pass through a thickness of several inches. Liquid chloride of 
sulphur, which is of a deep red colour, will allow 63 out of 100 
rays of heat to pass, and a solution of carmine in ammonia, or 
a glass stained with oxide of gold, rather a greater number ; yet 
these transparent media obstruct a large quantity of light. Colour- 
less media obstructing scarcely any light, will, on the contrary, 
prevent the passage of calorific rays. Out of every hundred rays, 
oil of turpentine will only transmit 31, sulphuric ether 21, 
sulphuric acid 17, and distilled water only 11. Pure flint glass, 
however, is permeated by 67 per cent, of the thermic rays, and 
crown glass by 49 per cent. The most perfect diathermic body is 
diaphanous saltrrock, which transmits 92, while alum, equally 
translucent, admits the passage of only 12 per cent.(^) 

Black mica, obsidian, and black glass, are nearly opaque to 
light, but they allow 90 per cent, of radiant heat to pass through 
them. Whereas a pale green glass, coloured by oxide of copper, 
(**) covered with a layer of water, or a very thin plate of alum, 
will, although perfectiy transparent to light, almost entirely 
obstruct the permeation of heat rays. 

We thus arrive at the fact that heat and light may be sepa- 
rated from each other ; and if we examine the rays of the sun 
by that analysis which the prism gives us, we shall find that 
there is no correspondence between intense light and ardent 
heat. By experiment it has been shown, that where we have in 
the prismatic spectrum the most light, as in the yellow ray, we 
have only a temperature of 62® P. ; but below the red ray, out 
of the point of visible light, the temperature is found to be 79", 



Digitized by VjOOQ iC 



WAyi&-MOVJBMENT OV HEAT AND UaHT. 65 

while at the other end, in the blue ray, it is 56^, and at the end 
of the violet ray no thermic action can be detected. (^) 

From the circumstance, that as we, by artificial means, raise 
the temperature of any body, and produce intense heat, so we 
also occasion a manifestation of light after a certain point has 
been obtained, (^) it has been concluded, somewhat hastily, that 
heat and light differ from each other only in the rapidity of the 
undulations of an hypothetical ether. 

It must be admitted that the mathematical demonstrations of 
many of the phenomena of calorific and luminous power, are suf- 
ficiently striking to convince us that a wave-movement is com- 
mon to both heat and light. The undulatory theory, however, 
requires the admission of so many premises of which we have no 
proof; its postulates are, indeed, in many cases so gratuitous, 
that notwithstanding the array of talent which stands forward in 
its support, we must not allow ourselves to be deceived by the 
deductions of its advocates, or dazzled by the brilliancy of their 
displays of learning. 

Radiant heat appears to move in waves ; but that calorific ac- 
tion is established by any system of undulation, is a deduction 
without a proof ; and the thermic phenomena of matter are more 
easily explained by the hypothesis of a diiSusive subtile fluid. 

We have not, however, to prove the correctness of either of 
the opposing views ; indeed, it is acknowledged that many phe- 
nomena require for their explanation conditions which are not 
indicated by either theory. 

The earth receives its heat from the sun ; a portion of it is 
conducted from particle to particle into the interior of the rocky 
crust. Another portion produces warmth in the atmosphere 
around us by convection, or the circulation of particles : those 
warmed by contact with the surface becoming lighter, and as- 
cending to give place to the' colder and heavier ones. A third 
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portion is radiated off into space, according to laws which havB 
not been sufficiently investigated, but which are dependent upon 
the colour, chemical composition, and mechanical structure of the 
surface. 

Few things within the range of our inquiry are more striking 
than the phenomena of calorific radiation and absorption. They 
display so perfectly the most refined system of order, and ex- 
hibit so strikingly the admirable adaptation of every formation 
to its particular conditions, and for its part in the great economy 
of being, that they claim most strongly the study of all who 
would seek to discover a Poetry in the inferences of science. 

Owing to the nature of our atmosphere, we are protected from 
the influence of the full flood of solar heat. The absorption of 
caloric by the air has been calculated at about one-fifth of the 
whole in passing through a column of 6,000 feet. This esti- 
mate is, of course, made near the earth's surface ; but we are 
enabled, knowing the increasmg rarity of the upper regions of 
our gaseous envelope in which the absorption is constantly di- 
minishing, to prove, that about one-third of the solar heat is lost 
by vertical transmission through the whole extent of our atmo- 
sphere. (^) 

Experience has proved that the conditions of the sun's rays 
are not always the same ; and there are few persons who have 
not observed that a more than usual scorching influence prevails 
under some atmospheric circumstances. This is also evidenced 
in the effects produced on the foliage of trees, which, though 
often attributed to electricity, is evidently due to heat. An ex- 
amination of the solar radiations, as exhibited in the prismatic 
spectrum, has proved the existence of a class of heat rays, which 
manifest themselves by a very peculiar deoxidizing power quite 
independent of their calorific properties. (*^) We are protected 
from the severe effects of these rays* by the ordinary state of the 
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medium through which the solar heat passes. Oar atmosphere 
is a mixture of gases and aqueous vapour; and it has heen 
foand, as ahready stated, that even a thin film of water, however 
transparent, prevents the passage of many calorific radiations, 
and the rays retarded are, for the most part, of that class which 
have this peculiar scorching power. The air is, in this way, the 
great equalizer of the solar heat, rendering the earth agreeahle 
to all animals, who, hut for this peculiar ahsorhent medium, 
would endure, in our temperate clime, the huming rays of a 
more than African sun. 

The surface of the earth during the sunshine — and, in a less 
degree, even when the sun is obscured by clouds — is constantly 
receiving heat ; but the rate of its absorption varies. Benjamin 
Franklin showed, by a set of simple but most conclusive experi- 
ments, that a piece of black cloth was heated much sooner than 
cloth of a lighter colour ;(^) and we know, from observations of 
a edmilar class, that the bare brown soil receives heat more read- 
ily than the bright green grassy carpet of the earth. Conse- 
quently, during the winter season, relatively to the quantity 
poured from its source, heat more easily penetrates the uncov- 
ered soil, than during the spring or summer. 

There is a constant tendency to an equilibrium ; and, during 
the night, the surface is robbed of more heat by the colder air 
than by day ; and even in these processes of convection and 
radiation, a similar law prevails to that which is discovered in 
examining into the rate of calorific absorption. 

Every tree spreading its green leaves to the sunshine, or ex- 
posing its brown branches to the air — every flower which lends its 
beauty to the earth — possesses different absorbing and radiating 
powers. The chalice-like cup of the pure white lily floating on 
the lake — the variegated tulip — the brilliant anemony — the 
delicate rose — and the intensely coloured peony or dahlia — have 
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each powers peculiar to themselves for drinking in the warming life- 
stream of the sun, and for radiating it back again to the thirsting 
atmosphere. These are no conceits of a scientific dreamer ; they 
are the truths of direct induction ; and, by experiments of a 
simple character, they may be put to a searching test.(^) 

A thermometric examination of the various coloured leaves of 
flowers will readily establish the correctness of the one ; and by 
a discovery of recent date, connected with calorific radiation, 
which must be particularly described presently, we can, with 
equal ease and certainty, test the truth of the other. (^) 

It follows, as a natural consequence of the position of the sun, 
as it regards any particular spot on the earth at a given time, 
that the amount of heat is constantly varying during the year. 
This variation regulates the seasons. But an analysis of the 
spectrum shows us that there are some changes regularly taking 
place in the state of the solar beam, which cannot be referred to 
the mere alteration of position. It may be inferred, from facts 
afforded by long-continued observations, that the three classes of 
phenomena which we detect in the sun's rays are constantly 
changing their relative proportions. In spring, the chemical 
agency prevails ; in summer, the luminous principle is the most 
powerful ; and in the autumn, the calorific forces are in a state of 
the greatest activity. (*^) The importance of these variations, 
to the great economy of vegetable life, will be shown when we 
come to examine the phenomena connected with organization. 

A remarkable change takes place in the character of heat in 
being radiated from material substances. In nature, we often 
see this fact curiously illustrated. Snow which lies near the 
trunks of trees or wooden poles, melts much quicker than that 
which is at a distance from them, — the liquefaction commencing 
on the side facing the sun, and gradually extending. We see, 
therefore, that the direct rays of solar heat produce less effect 



Digitized by VjOOQ iC 



SSriiBOTION OT HIAT. 69 

upon the snow than those which are radiated firom coloured sop* 
faces. By numerous experiments, it has been shown that these 
secondary radiations are more abundantly absorbed by snow or 
white bodies than the direct solar rays themselves. Here is one of 
the many very curious evidences, which science lays open to us, 
of the intimate connection between the most ethereal and the 
grosser forms of matter. Heat, by touching the earth, becomes 
more earth-like. The subtile principle which, like the spirit of 
superstition, has the power of passing, unfelt, through the crystal 
mass, is robbed of its might by embracing the things of earth ; 
and although it still retains the evidences of its refined origin, its 
movements are shackled as by a clog of clay, and its wings are 
heavy with the dust of this rolling ball. It has, however, ao« 
quired new properties, which fit it for the requirements of crea- 
tion, and by which its great tasks are &cilitated. Matter and 
heat unite in a common bond, and, harmoniously pursuing the 
necessities of some universal law, the result is the extension of 
beautiful forms in every kingdom of nature. 

An easy experiment pleasingly illustrates this remarkable 
change. If a blackened card is placed upon snow or ice in the 
sunshine, the frozen mass underneath it will be gradually thawed, 
while that by which it is surrounded, although exposed to the 
full power of solar heat, is but little disturbed. If, however, we 
reflect the sun's rays from a metal surface, an exactly contrary 
result takes place ; the uncovered parts are the first to melt, and 
the blackened card stands high above the surrounding portion. 

The evidences of science all indicate the sun as the source, 
not only of that heat which we receive directly through our 
atmosphere, but even of that which has been stored by our 
planet, and which we can, by several methods, develope. We 
have not to inquire if the earth was ever an intensely heated 
sphere ; — this concerns not our question ; as we should, even 
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were this admitted, still have to speculate on the origin — the 
primitive source of this caloric. 

Before, however, we proceed to the examination of the phenom- 
ena of terrestrial heat, a few of the great results of the laws of 
radiation and convection claim our attention. 

Nearly all the heat which the sun pours upon the ocean is 
employed in converting its water into vapour at the very surface, 
or is radiated back from it, to perform the important office of 
producing those disturbing influences in the atmosphere, which 
are essential to the preservation of the healthful condition of the 
great aerial envelope in which we live. 

Currents of air are generally due to the unequal degree in 
which the atmosphere is warmed. Heat, by expanding, increases 
the elasticity, and lessens the density, of a given mass. Conse- 
quently, the air heated by the high temperature of the tropics, 
ascends charged with aqueous vapours, whilst the colder air of 
the temperate and the frigid zones flows towards the equator to 
supply its place. These great currents of the atmosphere are, 
independent of the minor disturbances produced by local causes, 
in constant flow, and by them a uniformity of temperature is 
produced, which could not in any other way be accomplished. 
By these currents, too, the equalization of the constituents of 
the *' breath of life " is effected, and the purer oxygen of the 
** land of the sunny South " is diffused in healthful gales over 
the colder climes of the North. The waters, too, evaporated 
from the great central Atlantic ocean, or the far Pacific^ are thus 
carried over the wide-spread continents, and poured in fertilizing 
showers upon distant lands. 

How magnificent are the operations of nature ! The air is 
not much warmed by the radiations of caloric passing from the 
sun to the earth ; but the surface soil is heated by its power of 
absorbing these rays. The temperature of the air next the earth 
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is raised, and we thus have the circulation of those beneficial 
currents which are so remarkably regular in the trade winds. 
A similar circulation, quite independent of the ordinary tidal 
movement, takes place also in the earth-girdling ocean. The 
water, warmed by convection from the hot surface of the tropical 
lands, sets across the Atlantic, from the coast of Africa to the 
Gulf of Mexico ; it is then carried to the shores of Newfound- 
land, and northwards to the pole. Here we have two immense 
influences produced by one agency, rendering those parts of the 
earth habitable and fertile, which but for these great results 
would sorrow in the cheerless aspect of an eternal winter. 

The beautiful phenomena of the formation of dew is also 
distinctly connected with the peculiar properties which we have 
been studying. When from the bright blue vault of heaven, the 
sparkling constellations shower their mild light over the earth, 
the flowers of the garden and the leaves of the forest become 
moist with a fluid of the most translucid nature. Well jnight the 
ancients imagine that the dews were actually shed from the stars ; 
and the alchemists and physicians of the Middle Ages conceive 
that this pure distillation of the night possessed subtile and pen- 
etrating powers beyond most other things ; and the ladies of 
those olden times endeavour to preserve their charms in the per- 
fection of their youthful beauty through the influences of washes 
procured from so pure a source. (®) 

Science has removed the veil of mystery with which supersti- 
tion had invested the formation of dew ; and in showing to us 
that it is a condensation of vapour upon bodies according to a fixed 
law of radiation, it has also developed so many remarkable facts 
connected with the characters of material creations, that a much 
higher order of poetry is opened to the mind than that which, 
though beautiful, sprang merely from the imagination. 

Upon the radiation of heat depends the formation of dew, and 
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bodies mast become colder than the atmosphere before it will be 
deposited upon them. Different sabstances, independent of 
colour, have the property of projecting heat from their surfaces 
^th different degrees of force. Bough and porous sur&ces radi- 
ate heat more rapidly than smooth ones, and are consequently 
reduced in temperature; and, if exposed, covered with dew 
sooner than smooth and dense bodies are. The grass parterre 
glistens with dew, whilst the hard and stony walk is unmois- 
tened.n 

Colourless glass is veiy readily sufiused with dampness, but 
polished metals are not so, even when dews are heavily con- 
densed on other bodies. To comprehend fully the phenomena 
of the formation of dew, we must remember that the entire sur- 
fiace of the earth is constantly radiating heat into space ; and that, 
as by night no absorption of caloric is taking place, it naturally 
cools. (^) As the substances spread over the earth become colder 
than the air, they acquire the power of condensing the vapour 
with which the atmosphere is always charged. The bodies which 
cover this globe are very differently constituted; they possess 
dissimilar radiating powers, and consequently present, when 
examined by delicate thermometers, varying degrees of temper- 
ature. By the researches of Dr. Wells, (*) which may be 
adduced as an example of the best class of inductive experiments, 
we learn that the following differences in sensible heat were 
observed at seven o'clock in the evening : — 



The air four feet aboye the grass 
Wool on a raised board . 
Swandown on ditto 
The surface of the raised board 
Grass plat • « 



60} 

«i 

63 

67 

61 



Dew is most abundantly depodted on clear, calm nights, 
during which the radiation from the surface of ihe earth is un- 
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interrapted. The increased cold of sncb nights oyer those 
obscured bj clouds is well known. The clouds, it has been 
proved, act in the same way as the screens used by gardeners to 
protect their young plants from the frosts of the early springs 
which obstruct the radiation, and, in all probability, reflect a 
small quantity of heat back to the earth. 

It is not improbable that the observed increase in grass crops, 
when they have been strewn with branches of trees or any slight 
shades, may be due to a similar cause. (*') 

There are many remarkable results dependent entirely on the 
colours of bodies, which are not explicable upon the idea of dif- 
ference in mechanical arrangement. We know that different 
colours are regulated by the powers which structures have of 
absorbing and reflecting light ; consequently ,a blue surface must 
have a different order of molecular arrangement from a red one. 
But there are some physical peculiarities which also influence 
caloriflc radiation, quite independently of this surface condition. 
If we take pieces of red, black, green, and yellow glass, and 
expose them when the dew is condensing, we shall find that 
moisture will show itself first on the yellow, then on the green 
glass, but that none will appear on either the black or red glasses. 
The same thing takes place if we expose coloured fluids in white 
glass bottles or troughs, in which case the surfaces are all alike. 
If against a sheet of glass, upon which moisture has been slightly 
frozen, we place similarly coloured glasses to those already 
described, it will be found that the earliest heat-rays will so warm 
the red and the black glasses, that the ice will be melted opposite 
to them, long before any change will be seen upon the frozen 
film covered by the other colours. 

The order in which heat permeates coloured media, it has 
already been shown, very nearly agrees with their powers of ra- 
diation. 

7 
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These most carious results have engaged the attention of 
Melloni, to whose investigations we owe so much ; and from the 
peculiar order of radiations, which present phenomena of an 
analogous character to those of the coloured rajs of light, ob- 
tained by him from dissimilarly coloured bodies, he has been led 
to imagine the existence of a " beat-colouration." That is — the 
heat-rays are supposed to possess properties like luminous colour, 
although invisible ; and, consequently, that a blue surface has a 
strong affinity for the blue heat-rays, a red surface for the red 
ones, and so on through the scale. The ingenuity of this fay- 
potfaesis has procured it mucfa attention, and it is valuable as one 
of the aids to the discovery of those truths which sdence so 
eai nestly seeks to reveal. (*^ 

Can anything be more calculated to impress the mind with the 
consciousness of the high perfection of natural phenomena, than 
the fact, that the colour of a body should powerfully influence 
the transmission of a principle which is diffused through all na- 
ture, and also determine the rate with which it b to pass off from 
its surface. Some recent experiments have brought us acquainted 
with other facts connected with these heat-radiations, and the 
power of caloric, as influenced by the colourific rays, to produce 
molecular changes in bodies, which bear most importantly on our 
subject. 

If we throw upon a plate of polished metal a prismatic spec- 
trum (deprived, as nearly as possible, of its chemical power, by 
being" passed through a deep yellow solution — which possesses 
this property in a very remarkable manner, as will be explained 
when we come to the examination of the chemical action of the 
sun's rays) — it will be found, if we afterwards expose the plata 
to the action of vapour, very slowly raised from mercury, 
that the space occupied by the red rays, and those which lie 
without the spectrum below it, will condense the vapour thickly. 
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while ihe portion correspondiDg with the other rays will be left 
untouched. This affords us evidence of the power of solar heat 
to produce very readily a change in the molecular structure of 
solid bodies. If we allow the sun's rays to permeate coloured 
glasses, and then fall upon a polished metallic surface, the result, 
on exposing the plate to vaporization, will be similar to that just 
described. Under yellow and green glasses no vapour will be 
condensed ; but on the space on which the rays permeating a red 
glass, or even a blackened one, fall, a very copious deposit of 
vapour will mark with distinctness the spaces these glasses cov- 
ered. More remarkable still, if these or any other coloured 
bodies are placed in a box, and a polished metal plate is suspend- 
ed a few lines above them, the whole being kept in perfect 
darkness for a few hours, precisely the same effect takes place as 
when the arrangement is exposed to the full rays of the sun. 
Here we have evidence of the radiating heat of bodies, producmg 
even in darkness the same phenomena as the transmitted heat- 
rays of the sun. We must, however, return to the examination 
of some of these and other analogous influences under the head 
of acdno-chemistry. 

From these curious discoveries of inductive research, we learn 
some high truths. Associated with light — obeying many of the 
same laws — moving in a similar manner — we receive a power 
which is essential to the constitution of our planet. This power 
is often manifested in such intimate combination with the luminous 
principle of the solar rays, that it has been suspected to be but 
another form of the same agency. While, however, we are 
enabled to show the phenomena of the one without producing 
those which distinguish the other, we are constrained to regard 
heat as something dissimilar to light. It is true that we appear 
to be tending toward some point of proof on this problem ; but 
we are not in a position to declare them to be forms of one corn- 
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mon power, or *' particular solations of one great pbjsical eqpBr 
tion."(^) I^ many instances it would certainly appear that one 
of these forces was directly necessary to the production of the 
other ; hut we have also numerous examples in which they do not 
stand in any such correlation. 

We learn, from the scientific fects which we have heen discuss- 
mg, a few of the secrets of natural magic. In their relations to 
heat, every flower, which adds to the adornment of the wilds of 
nature or the carefully-tended garden of the florist, possesses a 
power peculiar to itself; and, as we have before indicated, the 

" Naiad-like lily of the yale," 

and, 

** — ^— The pied wind-flowers, and the tulip taU» 

And narcissi, the fairest among them all," 

are, by their different colours, prevented from ever having the 
same temperatures under the same sunshine. 

Every plant bears within itself the measure of the calorie 
which is necessary for its well-being, and is endued with functions 
which mutely determine the relative amount of dew which shall 
wet its coloured leaves. Some of the terrestrial phenomena of 
this remarkable principle will still further illustrate the title of 
this volume. 

To commence with the most ^miliar illustrations, let us con- 
sider the consequences of change of temperature. However 
slight the additional heat may be to which a body is subjected, it 
expands under its influence ; consequently, every atom which goes 
to form the mass moves under the excitation. The difierences 
between the temperature of day and night are considerable ; 
therefore all bodies expand under the influence of the higher, and 
contract under that of the lower, temperature. During the day, 
any cloud obscuring the sun produces, in every solid, fluid, or 
aeriform body, within the range of solar influence, a check : the 
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particles which had been expanding under the force of heat sad- 
denlj contract. Thus there mnst of necessity be, dnring the 
hours of sunshine, a tendency in all bodies to dilate, and daring 
the hours of night they must be resuming their original con* 
ditions. 

Not only do dissimilar bodies radiate heat in different degrees, 
but they conduct it also with constantly varying rates. Caloric 
passes along silver or copper with readiness, compared to its pro- 
gress through platinum. It is conducted by glass but slowly, 
and still more slowly by wood and charcoal. The metallic oxides 
or earths are bad conductors of heat, by which provision the 
caloric absorbed by the sun's rays is not carried away from the 
surface of this planet so rapidly as it would have been had it been 
of metal ; but is retained in the superficial crust to produce the 
due temperature for healthful germination and vegetable growth. 
The wool and hair of animals are still inferior conductors, and 
thus, under changes of climate and of seasons, the beasts of the 
field are secured against those violent transitions from heat to 
cold which would be fatal to them. Hair is a better condu(3tor 
than wool : hence, by nature's alchemy, hair is changed into wool 
on the approach of winter, and feathers into down. 

It is, therefore, evident that the rate at which solar heat is con- 
ducted into the crust of the earth must alter with the condition of 
the surface upon which it falls. The conducting power of all the 
rocks which have been examined, is found to vary in some 
degree-O 

It follows, as a natural consequence of the position of the sun 
to the earth, that the parts near the equator become more heated 
than those remote from it. As this heat is conducted into the 
interior of the mass, it has a tendency to move to the colder por- 
tions of it, and thus the heat absorbed at the equator flows to-, 
wards the poles, and from these parts is carried off by the atmo- 
T 
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sphere, or radiated into space. Owing to this, there is a certain 
depth beneath the sor&ce of onr globe at whieh an eqnal temper^ 
atnre prevails, the depth increasing as we travel north or soath 
from the equator (^) 

A qaestion of great interest, in a scientific point of view, is 
the calorific condition of the centre of the earth. We are, of 
course, without the means of solving this problem ; bat we advance 
a little way onwards in the inquiry by a careM examination of 
subterranean temperature at such depths as the enterprise of man 
enables us to reach. These researches show us, that where the 
mean temperature of the climate is 50"^, the temperature of the 
rock at 59 fathoms from the surface is 60"^ ; at 132 fathoms it is 
70"^ ; at 239 fathoms it is 80^ : being an increase of lO"* at 59 
£ithoms deep, or l"" in 35.4 feet; of 10"^ more at 73 fathoms 
deeper, or 1'' in 43.8 feet ; and of lO"" more at 114 fathoms still 
deeper, or 1"* in 64.2 feet-C^^) 

Although this would indicate an increase to a certain depth of 
about one degree in every fifty feet, yet it would appear that the 
rate of increase diminishes with the depth, and that the heat of 
the earth, so far as man can examine it, is due to the absorption 
of the solar rays by the surface. The mean annual temperature 
of this planet is of course subject to great variations : at the 
equator we may regard it as uniformly existing at 80^, while at 
the poles it is below the freezing point of water ; and as far as 
observations have been made, the subterranean temperatures bear 
a close relation to the thermic condition of the climate of the sur- 
face. The circulation of water through faults or fissures in the 
strata is, without doubt, one means of carrying heat downwards 
much quicker than it would be conducted by the rocks themselves. 
It is now, however, found that the quantity of water increases 
with the depth. In the mines of Cornwall, unless where the 
ground is very loose, miners find that, after about 150 fothoms 
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(900 feet) » the quantity of water rapidly dindnisbes. That water 
must ascend from very much greater depths is certain, from the 
high temperatures at which many springs flow out at the surface. 
At the bottom of the United Mines in Cornwall, water rises from 
one part of the lobe at 90*^ ; and one of the levels in these work- 
ings is so hot that, notwithstanding a stream of cold water is pur- 
posely brought into it to reduce the temperature, the miners work 
nearly naked, and will bathe in water at 80^ to cool themselves. 
At the bottom of Tresavean Mine, in the same county, about 320 
fathoms from the surface, the temperature is nearly 100"^. 

One cause of the great heat of many of our deep mines, which 
appears to have been entirely lost sight of, is the chemical action 
going on upon large masses of pyritic matter in their vicinity. 
The heat, which is so oppressive in the United Mines, is, without 
doubt, due to the decomposition of immense quantities of the 
sulphuret of iron, known to be in this condition at a short dis- 
tance from these mineral works. 

As a proof that the heat, which we are enabled to measure 
beneath the earth's surface, is due to the conducting powers of 
the rocks themselves, it has been found that the line of equal 
temperature follows, as nearly as possible, the elevations and 
depressions which prevail upon the surface. 

Whether or not the subterranean bands of equal heat have any 
strict relation, upon a large scale, to the isothermic lines whidi 
have been traced around most portions of our globe, is a point 
which has not yet been so satisfactorily determined as to admit 
of any general deductions. 

The Oriental story-teller makes the inner world a place of rare 
beauty — a cavern temple, bestudded with self-luminous gems, 
in which reside the spiritual beings to whom the direction of the 
inorganic world is confided. 

Man, in the height of his knowledge, has had dreams as absord 
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as this ; and amid the romances of science, there are not to be 
found any more strange visions than those which relate to the 
centre of oar globe. At the same time it must be admitted, that 
many of the peculiar phenomena which modem geological ro> 
searches have brought to light, are best explained on the hypothe- 
sis of a cooling mass, which necessarily involves the existence of 
a very high temperature towards the centre. 

We have already noticed some remarkable differences between 
solar and terrestrial heat ; but a class of observations by Dela* 
roche(®) still requires our attention. Solar heat passes freely 
through colourless glass, whereas the radiations from a bright fire 
or a mass of incandescent metal are entirely obstructed by this 
medium. If we place a lamp or a ball of glowing hot metal be- 
fore a metallic reflector, the focus of accumulated heat is soon 
discovered ; but if a glass mirror is used, the light is reflected^ but 
not the heat ; whereas, with the solar rays, but little difference is 
detected, whether vitreous or metallic reflectors are employed. It 
is well known that glass lenses refract both the light and heat of 
the sun, and they are commonly known as burning-glasses : the 
heat accumulated at their focal point being of the highest intendty . 
If, instead of the solar beam, we employ, in our experiments, an 
intense heat produced by artificial means, the passage of it is ob- 
structed, and the most delicate thermometers remain undisturbed 
in the focus of the lens. Glass exposed in front of a fire be- 
comes warm, and by conduction the heat passes through it, and a 
secondary radiation takes place from the opposite side.(^) It 
has been found that glass is transcalescent, or diathermic, to some 
rays of terrestrial heat, and adiathermic, or opake for heat, to 
others(^) — that the capability of permeating glass increases with 
the temperature of the ignited body — and that rays which have 
passed one screen traverse a second more readily. It would, 
however, appear that something more than a mere elevation of 
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temperature is necessary to give terrestrial calorifie radiations the 
power of passing through glass screens, or, in other words, to 
acquire the properties of solar heat. 

To ^ye an example : The heat of the oxy-hydrogen flame is 
most intense, yet glass obstructs it, although it may he assisted 
by a parobolic reflector. If this flame is made to play upon a 
ball of lime, by which a most intense light is produced, the heat, 
which has not been actually increased, acquires the power of 
being refracted by a glass lens, and combustible bodies may 
be ignited in its focus. 

It certainly appears from these results that the undulatory 
hypothesis holds true, so fer as the motion of the calorific force 
is concerned. At a certain rate, the yibrations are thrown back 
or stopped by the opposing body, while in a state of higher exci- 
tation, moving with increased rapidity, they permeate the screen. 
(") ' This does not, indeed, interfere with the refined theory of 
PreT08t,(^) which supposes a mutual and equal interchange of 
caloric between all bodies. 

The most general effect of heat is the expansion of matter ; 
solids, liquids, and airs, all expand under its influence. If a bar 
of metal is exposed to calorific action, it increases in size, owing 
to its particles being separated farther from each other : by con- 
tinuing this influence, after a certain time the cohesion of the 
mass is so reduced that it melts, or becomes liquid, and, under 
the force of a still higher temperature, this molten metal may be 
dissipated in vapour. It would appear as if, under the agency 
of the heat applied to a body, its atoms expanded, until at last, 
owing to the tenuity of the outer layer or envelope of each atom, 
they were enabled to move freely over each other, or to interpen- 
etrate without difficulty. That heat does really occasion a con- 
riderable disturbance in the corpuscular arrangement of bodies, 
may be proved by a very interesting experiment. A bar of 
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heated metal is placed to cool, with one end supported upon a 
wedge of another sort of metal, the other resting on the ground. 
In cooling, a distinct musical sound is given out, owing to the 
yihratoiy action set up among the particles of matter moying as 
the temperature declines. (^) 

Heat is diffused through all hodies in nature, and, as we shall 
presently see, may be developed in many different ways. We 
may, therefore, infer, that in converting a sphere of ice into 
water, and that again into steam, we have done nothing more than 
interpenetrate the mass with a larger quantity of caloric, by 
which its atoms are more widely separated, and that thus its 
molecules become more ductile and elastic. Thus, from a solid 
state, the water becomes fluid ; and then, if the expansive force 
is continued, an invisible vapour. If these limits are passed by 
. the powers of any greatly increased thermic action, the natural 
consequence, it must be seen, will be the separation of the atoms 
from each other, to such an extent that the molecule is destroyed, 
and chemical decomposition takes place. 

By the agency of the electricity of the voltaic batteiy, we are 
enabled to produce the most intense heat with which we are ac- 
quainted, and by a peculiarly ingenious arrangement, Mr. Grove 
has succeeded in resolving water into its constituent elements — 
oxygen and hydrogen gases. That this decomposition is not due 
to the voltaic current was subsequently proved by employing 
platina, heated by the oxy-hydrogen flame. (^) 

This interesting question has been examined with great care 
by Br. Bobinson of Armagh, who has shown that, as the tempe]> 
ature of water is increased, the affinity of its elements is lessened, 
until at a certain point it is eventually destroyed. This new 
and startling fact appears scarcely consistent with our knowledge, 
that a body heated so as to be luminous has the power of causing 
the combination of the elements of water with explosive violence. 
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(J^ Bat as this acute experimental philosopher somewhat bold- 
ly but still most reasonably suggests : '*Is it not probable that, 
if not light, some other actinic power (like that which accompa- 
nies light in the spectrum, and is revealed to us by its chemical 
effects in the processes of photography) is evolved by the heat, 
and, though invisible, determines, in conjunction with the affinity, 
that atomic change which transforms the three volumes of oxygen 
and hydrogen into two of steam ? "(^) 

This speculation explains, in a very satisfactory manner, some 
results which were obtained by Count Bumford, in 1798. In a 
series of experiments, instituted for the purpose of examining 
** those chemical properties of light which have been attributed 
to it," he has shown that many cases of chemical decomposition 
occur in perfect darkness, under the influence of heat, which are 
precisely similar to those produced by exposure to the sun's 
rays-O 

It must, however, be remembered, that both solar light and 
beat are sometimes found in direct antagonism to actinic power, 
and that the most decided chemical changes are produced by 
those rays in which neither heat nor light can be detected. The 
remarkable phenomena of this class will be explained under the 
head of actinism. 

One of the most curious relations which, as yet, have been 
discovered between light and heat is, that the temperature of the 
incandescence of all bodies, excepting such as are phosphorescent, 
is uniform. This point on the thermometer (Fahrenheit's scale) 
may probably be regarded as, or very near, 1000®, when the eye 
by perfect repose is enabled to detect the first luminous influence. 
Daniel has flxed this point at 980^ Wedgwood at 947*, and Dra- 
per at 977*».('*) Dr. Robinson and Dr. Draper, by indepen- 
dent observations, have both arrived at the conclusion, that the 
first gleam of light which appears from heated platina is not red. 
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but of ft lavender gray, the same io cbaracter as that detected 
bj Sir John Herachel amcmg the most refrangible rays of the 
solar speetrani.('^) 

It must be admitted, that the question of the identity, or other- 
wise, of light and radiant heat, is beset with difficulties. Many 
of their phenomena are very similar — many of their modes of 
action are alike : they are often found as allied agencies ; but 
they as frequently exhibit extreme diversity of action, and they 
may be separated from each other. 

We have now examined the physical conditions and properties 
of this most important element, and we must proceed to learn 
something of the means by which it may be developed, indepen- 
dently of its solar source. 

This extraordinary principle exists in a latent state in all bod- 
ies, and may be pressed out of them. The blacksmith hammers 
a nail until it becomes red-hot, and from it he lights his match ; 
the iron has by this process become more dense, and percussion 
will not agiun produce incandescence until the bar has been ex- 
posed in fire to a red heat. The Indian produces a spark by 
the attrition of two pieces of wood. By friction, two pieces of 
ice may be made to melt each other ; and could we, by mechani- 
cal pressure, force water into a solid state, an immense quantity 
of caloric would be set free. By the condensation of hydrogen 
and oxygen gases, pulverulent platinum will become glo?ring 
red-hot, and, with certain precautions, even the compact metal, 
platinum, itself: the heat being derived from the gases, the 
union of which it has effected. A body passing from the solid 
to the fluid state absorbs heat from all surrounding substances, 
and hence a degree of cold is produced. The heat which is thus 
removed is not destroyed — it is held combined with the fluid ; 
it exists in a latent state. Fluids, in passing into a gaseous form, 
also lob all soxrounding bodies of an amount dT heat necessary 
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to maintain tbe aeriform condition. From the air or from the 
fluid this heat may, as we hare shown above, be again extracted. 
Locked in a pint measure of air, there exists safBcient caloric to 
raise several square inches of metal to a glowing red heat. By 
the compression of atmospheric air this may be shown, and with 
a small condensing syringe a sufficient quantity of heat may be 
set free to fire the Boletus igniaaius, which, impregnated with 
nitre, is known as amadou. We are acquainted with various 
sources of heat for artificial purposes : the flint and steel, and the 
modem Lucifer-match, are the most common. These of them- 
selves would admit of a lengthened discourse ; but it is necessary 
that we carefully examine some of the less familiar phenomena of 
heat under the influences of changes of chemical condition. 

If spirits of wine and water are mixed together, a considerable 
degree of heat is given out, and by mixing sulphuric acid and 
water, an infinitely larger amount. If oil of vitriol and spirits 
of wine, or aquafortis (nitric acid) and spirits of turpentine, at 
common temperatures, be suddenly mixed, so much heat is set 
free as to ignite the spirits. In all these instances there is a 
condensation of the fluid. In nearly all cases of solution, cold 
is produced by the absorption of the heat necessary to sustain 
the salt in a liquid form ; but when potash dissolves in water, 
beat is given out, which is a fact we cannot yet explain. If po- 
tassium is placed on water, it sets fire, by the heat produced, to 
the hydrogen gas liberated from it. Antimony and many other 
metals thrown into chlorine gas ignite and burn with brilliancy : 
the same phenomenon takes plaee in the vapours of iodine or 
bromine. Many chemical combinations, as the chlorate of pot- 
ash and sulphur, explode with a blow ; whilst the slightest fric- 
tion occasions the detonation of the fulminating salts of silver, 
mercury, and gold. Compounds of nitrogen and chlorine, or 
iodine, are still more delicately combmed — the former explod- 
8 



Digitized by VjOOQ iC 



86 BEAT OV O&OANIZID BODIES. 

ing with fearful violence on the contact of an oleaginous body, 
and the latter with the smallest elevation of temperature : both 
of them destroying the vessels in which they may be contuned. 
These fearful disturbances of combination can only be expkined 
upon the supposition, that the particles have the property of con- 
densing around them an enormous quantity of the calorific and 
chemical principle, and retaining them in a latent state until 
some disturbance renders them sensible, by which the sudden 
destruction of the chemical union is produced, and the full pow- 
ers of heat and actinism are developed. The &ct of great heat 
being evolved during the conversion of a body from a solid to a 
gaseous state, which is a striking exception to the law of latent 
heat, as it prevails in most cases, admits of no more satisfactory 
explanation. 

As mechanical force produces calorific excitation, so we find 
that every movement of sap in vegetables, and of the blood and 
fluids in the animal economy, causes a sensible increase of heat. 
The chemical processes constantly going on in plants and am- 
mals are another source of heat ; and to nervous energy and to 
muscular movement, must we also look for the sustaining caloric 
which is essential to the health and life of the latter. Digestion 
has been considered as a process of combustion ; and the action 
between the elements of food, and the oxygen conveyed by the 
circulation of the blood to every part of the body, regarded as 
the source of animal heat ; and, without doubt, it is one great 
source, although it cannot be regarded as the only one. (J^) 

The VIS vita, or vital power, influences the delicate and beau- 
tiful system of nerves ; and as Ufe runs through them, from the 
brain to the extremities of the members of the body, an essence 
of the rarest and most subtile order, a diffusive influence, it sets 
those tender threads in rapid vibration, and heat is developed. 
By this action, the circulation of the blood is effected ; the mus- 
cle is maintained in an elastio condition, ready to perform the 



Digitized by VjOOQ iC 



SPHIBOIDAL OOHDinON. 87 

tasks of the will ; and tbrongh these agencies is the warm and 
fluid blood fitted to receive its chemical restoratives in the lungs, 
and the stomach to support changes to which it is designed — 
chemical also — by which more heat is liberated. Was diges- 
tion — eremacausis, as the slow combustion produced by combi- 
nation with oxygen is called — the only source of animal heat, 
why should the injury of one filmy nerve place a member of the 
body for ever in the condition of stony coldness? Or why, 
chemical action being most actively continued after a violent 
death, by the action of the gastric juices upon the animal tissues, 
should not animal heat be maintained for a much longer period 
than it 18 found to be?(^*).^. .., . •. , .^. , - 

In studying the influences of caloric upon the conditions of 
matter, we must regard the effects of extreme heat, and also of 
the greatest degrees of cold which have been obtained. 

There are a set of experiments by the Baron Gagniard de la 
Tour, which appear to have a very important bearing on some 
conditions that may be supposed to prevail in nature, particular- 
ly if we adopt the view of a constantly increasing temperature 
towards the centre of our earth. If water, alcohol, or ether, is 
put into a strong glass tube of small bore, and, the ends being 
hermetically sealed, the whole is exposed to a strong heat, the 
fluid disappears, being converted into a transparent gas; but, 
upon cooliDg, it is again condensed, without loss, into its origi- 
nal fluid state. C^) In this experiment, fluid bodies have been 
converted into elastic transparent gases without any change of 
volume, under the pressure of their own atmospheres. We can 
readily conceive a similar result occurring upon a far more ex- 
tensive scale. In volcanic districts, at great depths, and conse- 
quently under the pressure of the superincumbent mass, the 
siliceous rocks, or even metals, may, from the action of intense 
beat, be brought into a gaseous or fluid condition without any 
8* 
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ohftnge of Tolnme, sinee the elastio force of heat is opposed bj 
the ri^d resisttnce of the pressure of the sarrounding rocks. 

Directly connected with these results of Gagniard de la Tonr, 
are a yet more remarkable set of phenomena, which haye been 
investigated by M. Boatigny,(^ and generally known as the 
** spheroidal condition " of bodies. If water is projected upon 
hot metal, it instantly assumes a spheroidal form — an internal 
motion of its particles may be observed — it revolves with rapid- 
ity, and evaporates very slowly. Even if a silver or platinum 
capsule, when brought to a bright red heat, is filled with cold 
water, the whole mass assumes the spheroidal state, the tempera- 
ture of the fluid constantly remaining considerably below t^e 
boiling point, so long as the red heat is maintuned. If we al- 
low the vessel to cool below redness, in the dark, the water 
bursts into active ebullition, and is dissipated into vapour with 
almost explosive violence. 

Another form of this experiment is exceedingly instmoiive. 
If a mass of white hot metal is suddenly plunged into a vessel 
of cold water, the incandescence is not quenched, the metal 
shines with a bright white light, and the water is seen to circu- 
late around, but at some distance from the glowing mass, being 
actually repelled by the calorific agency. At length, when the 
metal cools, the water comes in contact with it, and boils with 
energy. 

A result similar to this was observed by Perkins, but its cor* 
rectness most unjustly doubted. Having made an iron shell, 
containing water, red-hot, he caused a hole to be drilled into it, 
and he was surprised to find that no water flowed through the 
orifice until the iron was considerably cooled, when it issued 
forth with violence in the form of steam. If water is poured 
upon an iron sieve, the wires of which are made red-hot, it will 
not percolate ; but on cooling it will run through rapidly. M. 
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BontigDj, pnrsaing this curious inquiry, has recently prored 
that the moisture upon the skin is sufficient to protect it from 
disorganization, if the arm is rapidly plunged into baths of melt- 
ed metal. The resistance of the surfaces is so great, that little 
elevation of temperature is experienced. (^) 

We have now seen that heat appears to produce chemical 
composition — that it decomposes combined elements—- that it 
alters the conditions of bodies, and actually maintains so power- 
fully a repellent force, that fluids cannot touch the heated body. 
More than this, it exerts a most powerful influence oyer all chem- 
ical relations. If, to give one example, the volatile element 
iodine is put into a glowing-hot capsule, it resolves itself imme- 
diately into a spheroid. Potash rapidly combines with iodine ; 
but if a piece of this alkali is thrown upon it in the capsule, it 
also takes the spheroidal form, and both bodies revolve inde* 
pendently of each other, their chemical affinities being entirely 
suspended; but allow the capsule to cool, and they combine 
immediately. 

These experiments of Cagniard de la Tour and of Boutigny 
(d'Evreux), connect themselves, in a striking manner, with those 
of Mr. Grove and Dr. Robinson ; and they teach us that but a 
very slight alteration in the proportions of the calorific principle 
given to this planet would completely change t\»» character of 
every material substance of which it is composed, unless there was 
an alteration in the physical condition of the elements themselves. 

Supposing the ordeal of fiery purification to take place upon 
this planet, these experiments appear to indicate the mighty 
changes which would thence result. There would be no annihi- 
lation, but everything would be transformed from the centre of the 
globe to the verge of its atmosphere — old things would pass 
away, all things become new, and the beautiful mythos of the 
phceniz be realized in the fresh creation. 



Digitized by VjOOQ iC 



90 Kcmma gold ibthiciallt pboducbd. 

The deductions to be drawn from the resalts obtidned by 
absiractiDg heat from bodies are equally instructive. By taking 
advantage of the cooling produced by the rapid solution of salts 
of several kinds in water, an intense dSgree of coldness may be 
produced. (^) Indeed, the absorption of heat by liquefaction may 
be shown by the use of metallic bodies alone. If lead, tin, and 
bismuih are melted together, and reduced to a coarse powder by 
being poured into water, and the alloy then dissolved in a large 
quantity of quicksilver, the thermometer will sink nearly 50 
degrees. An intense amount of cold will result from the mixture 
of muriate of lime and snow, by which a temperature of bO"* 
below the zero of Fahrenheit, or 82"^ below the freezing point of 
water, is produced. By such a freezing mixture as this, mercury 
will be rendered solid. A degree of cold, however, far exceeding 
it, has lately been obtained by the use of solid carbonic acid and 
ether. (^^) Solid carbonic acid is itself procured from the gas 
liquefied by pressure ; which liquid, when allowed to escape into 
the air, evaporates so rapidly that a large quantity of it is con- 
gealed by being robbed of its combined heat by the vaporizing 
portion. When this solid acid is united with ether, a bath is 
formed in which the carbonic acid will remain solid for twenty or 
thirty minutes. By a mixture of this kind, placed under the 
receiver of an«air-pump, a good exhaustion being sustained, a 
degree of cold, 166^ below zero, is secured. By this intense cold, 
many of the bodies which have hitherto been known to us only in 
ihe gaseous state, have been condensed into liquids and solids. 
Olefiant gas, a compound of hydrogen and carbon, was brought 
into a liquid form. Hydriodic and hjdrobromic acids could be 
condensed into either a liquid or a solid form. Phosphoretted 
hydrogen, a gas which inflames spontaneously when brought into 
contact with the air or with oxygen, became a transparent liquid 
at this great reduction of temperature. Sulphurous acid may be 
condensed, by pressure and a reduction of temperature, into a 
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liqiiid whieh boils at 14"' Fahrenheit, bat by the carbonic add 
bath it is conrerted into a solid body, transparent and without 
colour. Sulphuretted hydrogen gas solidifies at 122^ below aero, 
and forms a white substance resembling a mass of crystals of sea- 
salt. 

A combination of the two gases, chlorine and oxygen, be- 
oomes solid at — 75"^, and the protoxide of nitrogen at — 150^. 
Cyanogen, a compound of carbon and nitrogen, the base of Prussic 
acid, is solidified at 30*^ below the zero of our thermometrie scale. 
The well-known pungent compound, ammonia, so exceedingly 
Tolatile at common temperatures, is converted into a crystalline, 
translucent, white substance at the temperature of — 103^. The 
difficulties which necessarily attend the exposure of a body to 
extreme cold and great pressure at the same time, appear to be 
tlie only obstacle to the condensation of oxygen, hydrogen, and 
nitrogen gases. A sufficient amount of condensation was, how- 
erer, efi^ted by Dr. Faraday, to lead him to the conclusion, 
arrived at also by other evidences, that hydrogen, the lightest of 
the ponderable bodies, partakes of the nature of a metal. (^) 

The refinements of Grecian philosophy saw, without the aids of 
inductive science, that the outward vesture of nature covered a 
host of mysterious agencies to which its characteristics were directly 
due. In their dream of the four elements, fire, the external and 
visible form of heat, was regarded as the cause of vitality, and the 
disposer of every organized and unorganized condition of matter. 
Their idealizations have assumed another form, but the researches 
of modem science have only established their universality and 
truih. 

The great agents at work in nature — the mighty spirits bound 
to never-ending tasks, which they pursue with unremitting toil, 
are of so refined a character, that they will probably remain for 
ever unknown to us. The arch-evocatw, with the wand of 
induction, calls ; but the only answer to his evocation is the man- 
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ifestation of power in startling effects. Science pursues her 
inquiries with seal and care : she tries and tortures nature to 
compel her to reveal her secrets. Bounds are, however, set to 
the powers of finite search : we may not yet have reached the 
limits within which we are free to exercise our mental strength ; 
but, these limits reached, we shall find an infinite region beyond 
us, into which even conjecture wanders eyeless and aimless, as 
the blind Cyclops, groping in his melancholy cave.(®) 

All we know of heat is, that striking effects are produced which 
we measure by sensation, and by instruments upon which we 
have observed that given results will be produced under certain 
conditions : of anything approaching to the cause of these, we are 
totally ignorant. The wonder-working mover of some of the 
grandest phenomena in nature — giving health to the organic 
world, and form to the inorganic mass — producing genial gales 
and dire tornadoes — earthquake strugglings and volcanic erup- 
tions — ministering to our comforts in the homely fire — and to 
advancement in civilization in the mighty furnace, and the 
ingenious engine which drains our mines, or traverses our 
country with bird-like speed, — will, in all probability, remain 
for ever unknown to man. The immortal Newton, many of whose 
guesses have a prophetic value, thus expresses himself: '* Heat 
consists in a minute vibratory motion in the particles of bodies, 
and this motion is communicated through an apparent vacuum 
by the undulations of a very subtile elastic medium, which is also 
concerned in the phenomena of light." 

Our experimental labours and our mathematical investigations, 
have considerably advanced our knowledge since the time of 
Newton ; yet still, each theory of heat strangely resembles tiie 
mystic lamp which the Bosicrucian regarded as a type of eternal 
life — a dim and flickering symbol, in the tongue-like flame of 
which imagination, like a child, can conjure many shapes. 
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CHAPTER VII. 

LIGHT. 

Theoriei of the Nature of Light — Hypotheses of Newton and Hnyghens 
— Sources of Light — The Sun — Velocity of Light — Transparency 
— Dark lines of the Spectrum — Absorption of Light — Colour — Pris- 
matic Analysis — Rays of the Spectrum — Rainbow — Diffraction — 
Interference — Goethe's Theory •— Polarization — Magnetization of 
Light — Vision — The £ye-~ Analogy— Sound and Light — Influ- 
ence of Light on Animals and Vegetables— Phosphorescence arising 
from seyeral causes — Artificial light — Its Colour dependent on 
Matter. 

Light, the first creation, presents to the inquiring mind a series 
of phenomena of the most exalted character. The glowing sun* 
riiine, painting the earth with all the brilliancy of colour, and 
^▼ing to the landscape the inimitable charm of every degree of 
illumination from the gray shadow to the golden glow ; — Uie 
oalm of evening, when, weary of the '* excess of splendour," tihe 
eye can repose in tranqmllity upon the " cloud-land" of the west, 
and watch the golden and the ruddy hues fade slowly into ihe 
blue tincture of night ; — and the pale refulgence of the moon, 
with the quiet sparkle of the |un4it stara, all tend to impress upon 
the soul the great truth, that, where there is light, organization 
and life are found, and beyond its influence death and silence 
hold supreme dominion. (^) Through all time we have evidences 
that this has been the prevailing feeling of the human race, 
derived, of course, from their observation of the natural phe- 
nomena dependent upon luminous agency. In the myths of 
every country, impersonations of light prevail, and to these are 



t 

Digitized by VjOOQ iC 



04 LUMINOUS POWER. 

referred the mysteries of tbe perpetual renewal of life on the 
surface of the earth. 

This presentiment of a philosophic truth, in the instance of the 
poet sages of intellectual Greece, was advanced to the highest 
degree of refinement ; and the sublime exclamation of Plato : 
" Light is truth, and God is light," approaches nearly to a diyine 
revelation. ^ > - . ] ■ ^ \ 

As the medium of vision — as the cause of colour — as a power 
influencing in a most striking manner all the forms of organiza- 
tion around us, light presented to the inquiring minds of all ages 
a subject of the highest interest. 

The ancient philosophers, although they lost themselves in the 
metaphysical subtleties of their schools, could not but discover in 
light an element of the utmost importance in natural operations. 
The alchymists regarded the luminous principle as a most subtile 
fluid, capable of interpenetrating and mingling with gross matr 
ter : gold being supposed to differ from the baser metals only in 
containing a larger quantity of this ethereal essence. (^) Modem 
science, after investigating most attentively a greater number of 
the phenomena of light, has endeavoured to assist the inquiry by 
the aid of hypotheses. Newton, in a fine theory which exhibits 
the refined character of that great philosopher's mind, supposes 
luminous particles to dart from the surfaces of bodies in all direo- 
tions — that these infinitely minute particles are influenced by the 
attracting and repelling forces of matter, and thus turned back, 
or reflected, from their superficies in some cases, and absorbed 
into their interstitial spaces in others. 

Huyghens, on the contrary, supposes light to be caused by the 
waves or vibrations of an elastic medium diffused through all space, 
which waves are propagated in every direction from the luminous 
body. In the one case, a luminous particle is supposed actually 
to come from the sun to the earth ; in the other, the sun only 
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occasions a disturbance of the ether, which extends with great ^ 
rapidity, in the same manner as a wave spreads itself oyer the 
surface of a lake. 

Nearly all the facts known in the time of Newton, and those 
discovered by him, were explained most satis&ctorily by his 
theory ; but it was found they could be interpreted equally well 
by the undulatory hypothesis, with the exception of the produc- 
tion of colour by prismatic re&action. Although the labours of 
the most gifted minds have been given, with the utmost devotion, 
to the support of the vibratory theory, this simple fact has never 
yet received any satisfactory explanation from it ; and thpre are 
numerous discoveries connected with the molecular and chemical 
disturbances produced by the sun's rays, of which its ardent sup- 
porters do not even attempt an explanation. 

In both theories, a wave motion is admitted, and every fact 
renders it probable that this mode of progression applies not only 
to light, but to the so-called imponderable forces. Admitting, 
therefore, the undulatory movement of luminous rays, we shall 
not stop to consider those points of the discussion which have 
been so ably dealt with by Young, Laplace, Fresnel, Biot, Fran- 
enhofer, Herschel, Brewster, and others, but proceed at once to 
consider the sources of light, and its more remarkable phe- 
nomena. (") 

The sun is the greatest permanently luminous body we are 
acquainted with, and that orb is contmually pouring off light 
from its surface in all directions at the rate, through the resisting 
medium of space and of our own atmosphere, of 192,000 miles in 
a second of time. It has been calculated, however, that it would 
move through a vacuum with the speed of 192,500 miles in the 
flame period. We, therefore, learn that a ray of light requires 
eight minutes and thirteen seconds to come from the sun to us. In 
tnvelling from the distant planet Uranas, nearly three hours are 
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exhausted ; and from the nearesl of the fixed sUitb each ray of 
light requires more than 'six years to traverse the intervening 
space between them and the earUi. Allow the mind to advance 
to the regions of the nebulao, and it will be found that hundreds 
of years must glide away during the passage of their radiati<»is. 
Consequently, if one of those masses of matter, or even one of 
the remote fixed stars, was " blotted out of heaven " to^y, sev- 
eral generations of the finite inhabitants of this world would fiide 
out of time before the obliteration could be known to man. Here 
the immensity of space assists us in our conception, limited though 
it be, of the for ever of eternity. (^) 

All the planets of our system shine with reflected light, and 
the moon, our satellite, also owes her silvery lustre to the sun's 
radiations. The fixed stars are, in all probability, suns shining 
from the hr distance of space, with their own self-emitted lights. 
By the photometric researches of Dr. WoUaston we learn, how- 
ever, that it would take 20,000 millions of such orbs as Sirius, 
the brightest of the fixed stars, to afiford as much light as we 
derive from the sun. The same observer has proved that the 
brightest efiulgence of the full moon is yet 801,072 times less 
than the luminous power of our solar centre. 

Chemical action is also a source of light ; and, under several 
circumstances in which the laws of affinity are strongly exerted, 
a very intense luminous effect is produced. In the electric 
spark we have the development of light ; and the arc which is 
formed between the poles of a powerful voltaic batt^, affords 
us the most intense artificial illumination with which we are ac- 
quainted. In addition to these, we have the peculiar phenomena 
of phosphorescence arising from chemical, calorific, electrical, 
actinic, and vital excitation, all of which must be particularly 
examined. 

From whatever source we procure light, it is the same in char- 
acter, differing only in intensity. In its action upon matter, we 
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have tlie phenomena of transparency, of reflection, of refraction, 
of colour, of polarization, and of vision, to engage our attention. 

A beam of white light falls upon a plate of colourless glass, 
and it passes freely through it, losing but little of its intensity ; 
that little being lost by reflection from the first surface upon 
which the light impinges. If the glass is roughened by grind- 
ing, we lose more light by reflection from the asperities of the 
roughened surface ; but if we cover that face with any oleagi- 
nous fluid, as for instance turpentine, its transparency is restored. 
We have thus direct proof that transparency to light is due to 
molecular condition. This may be most strikingly shown by an 
interesting experiment of Sir David Brewster's : — 

If a glass tube is filled with nitrous acid vapour, which is of 
a dull red colour, it admits freely the passage of the red and 
orange rays with some of the others, and, if held upright in the 
sunshine, casts a red shadow on the ground ; by gently wanning 
it with a spirit-lamp, whilst in this position, it acquires a much 
deeper and blacker colour, and becomepi almost impervious to 
any of the rays of light ; but upon cooling it again recovers its 
transparency . 

It has also been stated by the same exact experimentaKst, that 
having brought a purple glass to a red heat, its transparency was 
improved, so that it transmitted green, yellow, and red rays 
which it previously absorbed ; but the glass recovered its absorp- 
tive powers as it cooled. A piece of yellowish-green glass lost 
its transparency almost entirely by being heated. Native yel- 
low orpiment becomes blood-red upon being warmed, when near- 
ly all but the red rays are absorbed; and pure phosphorus, 
which is of a pale yellow colour, and transmits freely all the 
coloured rays upon being melted, becomes very dark, and trans- 
mits no light. 

Chemistry aflfords numerous examples of a veiy slight change 
9 
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of condition, producing absolute opacity in fluids wliicli were 
previously ^apbanous bodies. (^) 

Charcoal absorbs all the light which falls upon it, but in some 
of its states of combination, and in the diamond, it is highly 
transparent. In the same manner metals become transparent in 
their combinations ; and gold and silver beaten into thin leaves 
are permeated by the green and blue rays. What becomes of 
the light which falls upon and is absorbed by bodies, is a ques. 
tion which we cannot yet, notwithstancUng the extensive obser- 
Tations that have been made by some of the most gifted of men, 
answer in any way satis&ctorily. In all probability it is per- 
manently retained within their substances; and many of the 
experiments of exciting light in bodies when in perfect darkness, 
by the electric spark and other means, appear to support the 
idea of light becoming latent. 

No body is perfectly transparent ; some light is evidently lost 
in passing even through space, and still more in traversing our 
atmosphere. 

Amongst the most curious instances of absorption is that 
i^hich is uniformly discovered in the solar spectrum, if we exam- 
ine it with a telescope. We then find that the coloured rays are 
crossed by a great number of dark bands, or lines, giving no 
light of any colour; these are generally called Fraunhofer's 
dark lines, as it was to the indefatigable exertions of that exper- 
imentalist, and by the aid of his beautiful instruments, that most 
of them were discovered and measured, and enumerated. It is 
quite clear that those lines represent rays which have been ab- 
sorbed in their passage from the sun to the earth; although 
some of them have no doubt undergone absorption within the 
limits of the earth's atmosphere, we have every reason to be- 
lieve, with Sir John Herschel, that the principal absorption 
takes place in the atmosphere of the sun.(^) 
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It has been shown by Dr. Miller, that the number of lines is 
continually varying with the alteration of atmospheric condi- 
tions ;(^) and the evidences which have been afforded of pecu- 
liar states of absorption by the gaseous envelope of the earth, 
during the prosecution of investigations on the chemical agencies 
of the sun's rays, are of a sufficiently convincing character. 

It has been calculated by Bouguer, that if our atmosphere, in 
its purest state, could be extended rather more than 700 miles 
from the earth's surface instead of nearly 40, as it is at present, 
the sun's rays could not penetrate it, and this globe would roll 
on in darkness and silence, without a vestige of vegetable form 
or of animal life. The same calculation supposes that searwater 
loses all its transparency at the depth of 730 feet ; but a dim 
twilight must prevail much deeper in the ocean. 

The researches of Professor Edward Forbes have proved, that 
at the depth of 230 fathoms in the ^gean Sea, the few shelled 
animals that exist are colourless : no plants are found within that 
zone ; and that industrious naturalist fixes the zero of animal life 
of those waters at about 300 fathoms. (^^) 

Our atmosphere, charged with aqueous vapour, serves, beyond 
the supply of oxygen it constantly affords for the support of life, 
to shield us from the intense action of the solar powers. By it 
we are protected from the destructive influences of the sun's 
light and heat, and enjoy those modified conditions which are 
most conducive to the healthful being of organic forms ; and to 
it we owe '' the blue sky bending over all," and those beauties 
of morning and evening twilight of which 



— — Sound and motion own the potent sway, 
Besponding to the chann with its own mystery. 

To defective transparency, or rather to variations of it, we must 
attribute, in part, the colours of permeable media. Thus, a glass 
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or fluid appears yellow to the eye, because it has ihe property of 
admitting the permeation of a larger quantity of the yellow rays 
than of any others; — red, because the red rays pass it with the 
greatest freedom ; and so on for every other colour. In most 
cases the powers of transmission and of reflection are similar ; 
but it is not so in all; a variety of the Derbyshire fluor spar, 
and the precious opal, are striking instances to the contrary; 
and some glasses which transmit yellow light reflect blue ; and 
a solution of quinine in water acidulated with tartaric or sulphur- 
ic acid, although perfectly transparent and colourless when held 
between the eye and the light, reflects, if viewed in a particular 
direction, a lively cerulean tint. These effects being due to the 
conditions of the surface, have been called epipolic phenomena. 
(^) There are some difficulties about the questions of transpar 
rency, which we shall see presently are not satisfactorily explained 
upon either of the received theories of light. 

It is a general law of all the radiant forces, that whenever 
they fall upon any surface, a portion is thrown back or reflected 
at the same time as other portions are absorbed or transmitted. 
Upon this peculiarity appear to depend the phenomena of natural 
colour in bodies. 

The white light of the sun is well known to be composed of 
several coloured rays. Or rather, according to the favorite theo- 
ry, when the rate at which a ray undulates is altered, a different 
sensation is produced upon the optic nerve. The analytical ex- 
amination of this question shows that to produce a red colour the 
ray of light must give 37,640 undulations in an inch, and 458,- 
000000,000000 in a second. Yellow light requires 44,000 un- 
dulations in an inch, and 535,000000,000000 in a second ; whilst 
the effect of blue results from 51,110 undulations within an inch, 
and 622,000000,000000 in a second of time. Such results as 
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these are among the highest refinements of science, and, when 
contrasted with the most sublime efforts of the imagination, appear 
immeasurably superior to them. (^) 

If a body sends back white light unchanged, it appears white ; 
if the surface has the property of altering the vibration to that 
which is calculated to produce redness, the result is a red colour ; 
the annihilation of the undulations produces blackness. By the 
other view, the beam of white light is supposed to consist of cer- 
tain coloured rays, each of which has physical properties peculiar 
to itself, and thus is capable of producing different physiological 
effects. These rays falling upon a transparent or an opaque 
body suffer more or less absorption, and being thus dissevered, 
we have the effect of colour. A red body absorbs all the rays 
but the red ; a blue surface, all but the blue ; a yellow, all but 
the yellow ; and a black surface absorbs the whole of the light 
which £eJ1s upon it. 

That natural colours are the result of white light, and not in- 
nate properties of the bodies themselves, is most conclusively 
diown by placing coloured bodies in monochromatic light of 
another kind, when they will appear either of the colour of the 
light, or, by absorbing it, become black ; whereas, when placed 
in light of their own character, the intensity of colour is greatly 
increasing. 

Evexy surface has, therefore, a peculiar constitution, by which 
it gives rise to the diversified hues of nature. The rich and 
lively green, which so abundantly overspreads the sur&ce of the 
earth, the varied colours of the flowers, and the numberless tints 
of animals, together with all those of the productions of the min- 
eral kingdom, and of the artificial combinations of chemical man- 
ufacture, result from powers by which the relations of matter to 
light are rendered permanent, until its physical conditions un- 
dergo some change. 
9* 
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There is a remarkable correspondence between the geographi- 
cal position of a region and the colours of its plants and anunals. 
Within the tropics, where 

" The sun shines for eyer unchangeably bright/' 

the darkest green prevails over the leaves of plants ; the flowers 
and fruits are tinctured with colours of the deepest dye, whilsl 
the plumage of the birds is of the most variegated description 
and of the richest hues. In the people also of these climes 
there is manifested a derire for the most striking colours, and 
their dresses have all a distinguishing character, not of shape 
merely, but of chromatie arrangements. In the temperate cli« 
mates everything is of a more subdued variety : the flowers are 
less bright of hue ; the prevailing tint of the winged tribes is a 
russet brown ; and the dresses of the inhabitants of these regions 
are of a sombre character. In the colder portions of the earth 
there is but little colour ; the flowers are generally white or yel- 
low, and the animals exhibit no other contrast than that which 
white and black afford. A chromatic scale might be formed, its 
maximum point being at the equator, and its minimum at the 
poles. (•*) 

The influence of light on the colours of organized creation is 
well shown in the sea. Near the shores we find sea-weeds of the 
most beautiful tinctures, particularly on the rocks whieh are left 
dry by the tides ; and the rich hues of the actiniae, which inhabit 
shallow water, must have been often observed. The fishes whidi 
swim near the surface are also distinguished by the variety of 
their colours, whereas those which live at greater depths are gray, 
brown, or black. It has been found that after a certain depth, 
where the quantity of light is so reduced that a mere twilight pre- 
vails, the inhabitants of the ocean become nearly colourless 
7hf t thp sqi^'s rav alone gives to plants the property of vefieet- 
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ing colour is proved by the process of blancbing, or the etiolated 
state, produced by artificially excluding them from light. 

By a triangular piece of glass, a prism, we are enabled to 
resolve light into its ultimate rays. The white pencil of light 
which falls on the first surface of the prism is bent from its paUi, 
and coloured bands of different colours are obtained. These 
bands or rays observe a curious constancy in their positions : the 
red ray is always the least bent out of the straight path : the yel- 
low class comes next in the order of refrangibility ; and the blue 
are the most diverted from the vertex of the prism. The largest 
amount of illuminating power exists in the yellow ray, and it 
diminishes towards either end.(®*) It is not uninteresting to 
observe something like the same order of colour occurring at eacb 
end of the prismatic spectrum. The strict order in which the 
pure and mixed coloured rays present themselves is as fol- 
lows: — 

1. The extreme red: a ray which can only be discovered when 
the eye is protected from the glare of the other rays by a cobalt 
blue glass, — is of a crimson character — a mixture of the red 
and the hltie, red predominating. (^) 

2. The red: the first ray visible under ordinary circumstances. 

3. The orange : red passing into and combining with yellow. 

4. The yellow : the most intensely luminous of the rays. 

5. The green : the yellow passing into and blending with the 

blue. 

6. The blue: in which the light very rapidly diminishes. 

7. The indigo : the dark intensity of blue. 

8. The violet : the bliie mingled again with the red — blue being 

in excess. 

9. The lavender gray : a neutral tint, produced by the combi- 

nation of the red, blue, and yellow rays, which is discovered 
most easily when the spectrum is thrown upon a sheet of 
tnmerio paper. 
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Newton regarded the speotnim as oonmstiiig of seven colours 
of definite and unvarying refrangibilitj. Brewster and others 
appear to have detected a great diffusion of the colours over the 
spectrum, and regard white light as consisting only of three rays, 
which in the spectrum overlap each other ; and from these — red, 
yellow, and blue — all the others can certunly be formed by com- 
bination in varying proportions. The truth will probably be 
found to be, that the ordinary prismatic spectrum is a compound 
of two spectra. We have already examined the healing power 
found in various parts of the spectrum, which, although shown 
to be in a remarkable manner in constant agreement with the 
colour of a particular ray, is not directly connected with it ; that 
is, not as the effect of a cause, or the contrary. The chemical 
action of the solar rays, to which from its important bearings we 
shall devote a separate chapter, has, in like manner with heat, 
been confounded with the sun's luminous power ; but although 
associated with light and heat, and modified by their presence, it 
must be distinguished from them. 

We find the maximum of heat at one end of the spectrum, and 
that of chemical excitation at the other — luminous power observ- 
ing a mean point between them. Without doubt we have all 
these powers acting reciprocally, modifying all the phenomena of 
each other, and thus giving rise to the difficulties which beset the 
inquirer on every side. 

We have beautiful natural illustrations of luminous refraction in 
the rainbow and in the halo : in both cases the rays of light being 
separated by the refractive power of the falling rain or the mois- 
ture which constitutes a fog. In the simple toy of the child — 
the soap-bubble floating upon the air — the philosopher finds sub- 
jects for his contemplation ; and from the unrivalled play of 
colours which he discovers in that attenuated film, he learns that 
the varying thicknesses of the surfaces influence, in a most 
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remarkable manner, tlie colours of the sunbeam. Hlms of oS 
floating upon water present similar appearances ; and the colours 
produced in tempering steel, are due entirely to the thickness of 
the oxidized surface produced by heat. The rich play of tints 
upon mother-of-pearl in the feathers of many birds, the rings seen 
in the cracks of rock crystal, or between the unequal faces of 
two pieces of glass, and produced by many chemical and indeed 
mechanical operations — are all owing to the same cause ; that is, 
to the interference of light, or to rays proceeding from the same 
source, but crossing each other at very acute angles. If we take 
one of those steel ornaments which are formed by being covered 
with an immense number of fine lines, it will be evident that 
these striae present many different angles of reflection, and that, 
consequently, the rays thrown back will, at some point or another, 
hayie a tendency to cross each other. The result of this is, that 
the quantity of light is augmented at some points of intersection, 
and annihilated at others. (^) Out of the investigation of the 
phenomena of difiraction, of the e^cts of thin and thick plates 
upon light, and the results of interference, has arisen the discov- 
ery of one of the most remarkable conditions within the range of 
physical science. 

7\oo bright lights may he made to produce darkness, — If 
two pencils of light radiate from two spots very close to each 
other in such a manner that they cross each other at a given 
point, any object placed at that line of interference will be illu* 
minated with the sum of the two luminous pencils. If we sup- 
pose those rays to move in waves, and the elevation of the wave 
to represent the maximum of luminous effect, then the two waves 
meeting, when they are both at the height of their undulation, 
will necessarily produce a spot of greater intensity. If How we 
so arrange the points of radiation, that the systems of luminous 
waves proceed irregularly, and that one arrives at the screen 
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half an nndalation befoie the other, ihe one in elevation fiilUng 
into the depression of the other, a mutual annihilation is the 
consequence. This fact, paradoxical as it may appear, was 
broadly stated by Grimaldi, in the description of his experiments 
on the inflection of light, and has been observed by many others. 
The vibratory hypothesis, seizing upon the analogy presented by 
two systems of waves in water, explains this plausibly ; but still 
upon examination it does not appear that the explanation is 
quite free from objection. (^) 

Another theory, not altogether new to us, being indicated in 
Mayer's hypothesis of three primary colours (1775), and to be 
found as a problem in some of the Encyclopaedias of the last 
century, has been put forth, in a veiy original manner, by that 
master-mind of intellectual Germany, €k)ethe ; and from the very 
comprehensive views which this poet-philosopher has taken of 
both animal and vegetable physiology (views which have been 
adopted by some of the first naturalists of Europe), we are 
bound to receive his theory of colours with every respect and 
attention. 

Goethe regards colour as the '' thinning " of light ; that is, by 
obstructing a portion of white light, yellow is produced ; by re- 
ducing it still farther, red is supposed to result ; and by yet far- 
ther retarding the free passage of the beam, we procure a blue 
colour, which is the next remove from blackness, or the absence 
of light. There is truth in this ; it bears about it a simplidty 
which will satisfy many minds ; by it many of the phenomena of 
colour may be explained: but it is insufficient for any inter- 
pretation of several of those recondite laws to which the other 
theories do give us some insight. 

Newton may have allowed himself to be misled by the anal- 
ogy presented between the seven rays of the spectrum and the 
notes in an octave. The mystic number, seven, may have clung 
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like a fibre of the web of superstition to tbe cloak of the great 
philosopher; but the attack made by Ooethe upon the Newton- 
ian philosophy betrays the melancholy fact of his being diseased 
with the lamentable weakness of too many exalted minds — - an 
overweening self-esteem. 

The polarization of light, as it has been unfortunately called 
— unfortunately, as conveyiug an idea of determinate and differ- 
ent points or poles, which only exists in theoretical analogy— 
presents to us a class of phenomena which promise to unclose 
the mysterious doors of the molecular constitution of bodies. 

To give a familiar illustration of the distinction between ordi- 
nary and polarized light, we will suppose the use of a cylinder 
having a mirror at one end of it. If we point this to the sun, 
and receive the reflected image on a distant screen, we may 
turn the cylinder round on its axis, and the reflected ray will 
be found to revolve constantly and regulurly with it. If, now, 
instead of receiving the ray direct from the sun, we allow a 
beam reflected from a glass plate at an angle of about 54® to 
fiill upon the mirror, and then be reflected on to the screen, 
it will be found that the point of light has not the same prop- 
erties as that previously examined ; it is altered in its degree 
of intenffity as the cylinder is turned round, has points of 
greatest brightness, and others at which it is lost in shadow. 
The polarized beam has been well compared to '' a long, flat, 
straight stick," having sides, the ordinary ray being regarded as 
cylindrical. This remarkable change, as produced by the reflec- 
tion of the ray from glass, was first observed by Mains, in 1808, 
(^ when amusing himself by looking at the beams of the set- 
ting sun, reflected from the windows of the Luxembourg Palace 
through a double-refracting prism. The same fSact was, however, 
noticed, in the first instance, by Erasmus Bartolin, in Iceland- 
spar, a crystal^ the primary form of which is a rluHnbohedron ; 
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who perceiyed that the two images produced by thb body were 
not Iq the same physical conditions. (}^) It was also studied by 
Huyghens and Sir Isaac Newton, and to our countryman is due 
the angular idea that a ray of light emerging from such a crys- 
tal has $ide$. 

It must not be oonsidered that this change in the character of 
the luminous beam is due to any of the powers of reflection or 
refraction of bodies ; it is a property of matter independent of 
the other modes of action which it exercises over light. 

The yariety of striking effects produced by the polarization of 
Hght ; the unexpected results which have sprung from the inves- 
tigation of the laws by which it is regulated ; and the singular 
beauty of many of its phenomena, have made it one of the most 
attractive subjects of modern science. 

Ordinary light passes through transparent bodies, without pro- 
ducing any very striking effects in its passage ; but it would ap- 
pear that this thin band, this extraordinary beam of light, has 
the power of insinuating itself between the molecules of bodies, 
and by illuminating them, of enabling the eye to detect something 
of the structure of the mass. The chromatic phenomena of 
polarized light are so striking, that no description can convey an 
adequate idea of their character. 

Spectra, more beautiful and intense than the prismatic image, 
systems of rings far excelling those of thin plates, and forms of 
the most symmetric order are constantly presenting themselves as 
the polarized ray is passed through various transparent substances. 
By altering the molecular arrangement of these bodies, either by 
heat or by pressure, a new order of phenomena at once present 
themselves, and by means of the polarized ray of light, differences 
in the chemical constitution of bodies, too slight to be discovered 
by any other mode of analysis, can be most readily and certainly 
detected.j(^) 
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Altbongli we caanot enter into any ezasninalaon of all the con- 
ditions involved in the polarizadon of light, and the action of 
matter upcm ordinary light, or when it is in this pecaliar state, it 
will be readily conceived, from what has been already stated, that 
some most important properties are indicated, beyond those which 
seienoe has made known. 

What may be the especial use of light in this state of polarin- 
tion in natore, it is at present difficult to determine; we are, 
however, eertain that its agency must be necessary and most im- 
portant, and we may hope that, through the industry of ezpen- 
mentalists, it will not be long before we add this knowledge to 
die stores already accumulated. 

Every body, in some definite pomtion, appears to have the power 
of producing this change upon the solar ray, as may be satisfiie- 
torOy shown by examining any object with a polariang appara- 
tus. (^^) The sky at all times furnishes polarized light, which is 
most intense where it is blue and unclouded, and the point of 
maximum polarization is varied aoc<Mrding to the relative portion 
of the sun and the observer. (^^) It has be^ stated, that che- 
mical change on the Daguerreotype plates and on photographic 
papers is more readily produced by the polaxized than by the 
cnrdinary sunbeam. {^) If this fact be established by future in- 
yestigations, we advance a step towards the discovery so much 
desiderated of the part it plays in natural operations. 

The refined and accurate investigations of Dr. Faraday stand 
prominently forward amid those which will redeem the present 
age from the charge of being superficial, and they will, through 
all time, be referred to as illustrious examples of the influence of 
a love of truth for truth's sake, in entire independence of the 
marketable value, which it has been unfortunately too much the 
fashion to regard. The searching examination made by this *' in- 
terpreter of nature " into the phenomena of eiectrioity in ail its 
10 
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forms, has led bim onward to traoe what connexion, if any, ex- 
isted between tbis great natural agent and tbe luminons principle. 

By employing tbat subtile analyzer, a polarized ray, Dr. 
Faraday has been enabled to detect and exhibit effects of a most 
startling character. It has appeared to him that he has proved 
magnetism to have the power of influencing a ray of light in its 
passage through transparent bodies. A polarized ray is passed 
through a piece of glass or a crystal, or along the length of a 
tube filled with some transparent fluid, and the line of its path 
carefully observed ; if, when this is done, the solid or fluid body 
is brought under powerful magnetic influence, such as we have at 
command by making a very energetic voltaic current circulate 
around a bar of soft iron, it will be found that the polarized light 
is disturbed ; that, indeed, it does not permeate the medium 
along the same line.(^) As this effect is most strikingly shown 
in bodies of the greatest density, and diminished in fluids, the 
particles of which are easily movable over each other, and has 
not hitherto been observed in any gaseous medium ; the question 
has arisen, — does magnetism act directly upon the ray of light, 
or only indirectly, by producing a molecular change in the body 
through which the ray is passing ? This question, so important 
in its bearings upon the connexion between the great physical 
powers, will, no doubt, before long receive a satisfactory reply. 

Without any desire to generalize too hastily, we cannot but 
express a feeling, amounting to a certainty in our own mind, that 
those manifestations of luminous power, connected with the phe- 
nomena of terrestrial magnetism, which are so evident in all the 
circumstances attendant upon tho exhibition of Aurora BoreaUs, 
and those luminous clouds which are often seen, independent 
of the Northern Lights, that a very intimate relation exists 
between the solar radiations and that power which so strangely 
gives polarity to this globe of ours. 
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In connexion with the mysterioiis sabject of solar light, it is 
important that we should occupy a brief space in these pages with 
the phenomena of yision, which is directly dependent upon lomi- 
nous radiation. 

The human eye has been rightly called the '' masterpiece of 
diyine mechanism ; " its structure is complicated, yet all the ad. 
jostments of its parts are as simple as they are perfect. The eye- 
ball consists of four coats. The cornea is the transparent coat in 
front of the globe ; it is the first optical surface, and this is 
attached to the sclerotic membrane, filling up the circular aper^ 
tore in the white of the eye ; the choroid coat is a yery delicate 
membrane, lining the sclerotic, and covered with a perfectly 
black pigment on the indde; and close to this lies the most deli- 
cately reticulated membrane, the retina, which is, indeed, an 
extension of the optic nerve. 

The eye, in its more superficial mechanical arrangements, 
presents exactly the same character as a camera obscura, the 
oomea being the lens which receives the images of objects and 
refracts them; but how infinitely more beautiful are all the 
arrangements of the organ of vision than the dark chamber of 
Baptista Porta I(^) Arranged within this globe we have the 
aqueous humour, crystalline lens, and the vitreous humour : the 
first is a watery fluid, and the last a gelatinous one, while the 
crystalline lens is a little capsule of fluid membranaceous matter. 
These are for the purpose of correcting any aberrations of light, 
which are so evident in ordinary lenses, and giving to the whole 
an achromatic character, in which so perfect is everything in 
form and arrangement, that both spherical and chromatic aberra- 
tions are corrected, and by the agency of the cornea and the 
crystalline lens, perfect images are depicted on the retina, in a 
nmikr way to those very charming pictures which present them- 
selves in the table of the camera obscura. 



Digitized by VjOOQ iC 



112 rtaovas ov maum. 

The seat of yirion lias been generally snpposed to be the 
retina ; but Mariotte has shown that the base of the optic nerve, 
which is immediately connected with the retina, is incapable of 
conveying an impression to the brain. The choroid coat, which 
lies immediately behind the retina, is regarded by Mariotte and 
Bemonlli as the more probable seat of vimon. The retina, being 
transparent, oflbrs no obstruction to the passage of the light ons^ 
ward to the black snr&ce of the choroid coat, from which tihd 
vibrations are, in all probability, communicated to the retina and 
convoyed to the brain. Howbeit, upon one or the other of tbese 
delicate coats a distinct image is impressed by light, and the. 
communication made witii the bnnn possibly by a vibnitoij 
action. We may trace up t&e phenomena of vision to this point ; 
we may conceive undulations of li^t, diflfering in veloetty and 
length of wave, occasioning corresponding tremors in the neoralgio 
system of the eye ; but how these vibrations are to communicate 
correct impressons of length, breadth, and thickness, no one hat 
yet undertaken to explun. 

It has, however, been justly sud by Herschel : " It is the 
boast of science to have been able to trace so far the refined 
contrivances of this most admirable organ, not its shame to. find 
something still concealed from scnxtmy ; for, howevop anatomistB' 
may difibr on points of struclore, or physiologists dispute on 
modes of action, there is that in what we do understand of the 
formation of the eye so similar, and yet so infinitely superior to a 
product of human ingenuity; such thoc^ht, such care, sodi 
refinement, such advantage taken of the properties of natmnl 
agents used as mere instruments, for accomplishing a given end, 
as force upon us a conviction of deliberate choice and premedi- 
tated dengn, more strongly, perhaps, than any single contrivance 
to be found whether in art or nature, and renders its study aa 
object of the greatest interest. "(^^) 
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Analogy often is of great yalne in indicadng the direction in 
which to seek for a troth ; but analogical eyidenoe, nnless where 
the resemblance is very striking, should be received with caution. 
Mankind are so ready to leap to conclusions without the labour 
necessary for a faithful eluddation of the truth, that too often a 
few points of resemblance are seized upon, and an inference is 
drawn which is calculated to mislead. 

There is a vague idea that the phenomena of sound bear a 
relation to those of light, — that there exists a faint resemblance 
between the chromatic and the diatonic scales. Sound, we know, 
is conveyed by the beating of material particles upon the auditory 
membrane of the ear, which have been set in motion by some 
distant disturbance of the medium through which it passes. 
Light has been supposed to act on the optic nerve in the same 
manner. If we imagine colour to be the result of vibrations of 
dififerent velocities and lengths, we can understand that under 
some of these tremors, first established on the nerves, and through 
them conveyed to the brain, sensations of pain or pleasure may 
result, in the same way as sharp or subdued sounds are disagreeable 
or otherwise. Intensely coloured bodies do make an impression 
upon perfectly blind men ; and those who, being born blind, 
know no condition of light or colour, will point out a difference 
between strongly illuminated red and yellow media. When the 
eyes are closed we are sensible to luminous influence, and even 
to differences of colour. We must consequently infer that light 
produces some peculiar action upon the system of nerves in 
general ; this may or may not be independent of the chemical 
agency of the solar radiations ; but certainly the excitement is 
not owing to any calorific influence. The system of nerves in 
the eye is more delicately organized, and of course peculiarly 
adapted to all the necessities of vision. 

Thus far some analogy does appear to exist between light and 
10* 
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Bowai ; but the phenomena of the one are so much more refined 
than those of the other ; — the impressions being, all of them, 
of a far more complicated character, that we must not be led too 
fiir by the analogical evidence in referring light, liko sounds to 
mere material motion. 

It was a beaatifal idea that real impressions of external objects 
are made upon the seat of viaon, and that they are viewed, as in 
a picture, by something behind the screen^ — ^ that &ese pietoses 
become dormant, but are capable of being revived by the Gj^eor 
tions of the mind in peculiar conditions; but we can only regacd 
it as a philosophical speculation of a hi^ order, the truiih or 
falsehood of which we are never likely to be enabled to es- 
tabH8h.(«») 

That which sees will never itself be viable. The secret prin- 
ciple of sensation, — the mystery of the life that is in us, —will 
never be unfolded to finite minds. 

Numerous experiments have been made from time to time on 
the influence of light upon animal life. It has been proved that 
the excitement of the solar rays is too great for the healthful 
growth of young animals ; but, at the same time, it appears prob* 
able that the development of the functional organs of animals 
requires in some way, the influence of the solar rays. This 
might, indeed, have been inferred from the discovery that animal 
life ceases in situations from which light is absolutely excluded. 
The case of the Proteus of the lUyrian lakes may appear against 
this conclu^on. This remarkable creature is found in the deep 
and dark recesses of the calcareous rocks of Adelsbnrg, at Kt> 
tich, and it is stated also in Sicily. Sir Humphry Davy de- 
scribes the Proteus anguinus as *' an animal to whom the presence 
of light is not essential, and who can live indifferently in air and 
in water, on the surface of the rock, or in the depths of the mud.'' 
The geological character of rocks, however, renders it extremely 
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probable ibat tbese aidiiiAk may hafe desceaded with the watw» 
percoktiBg tliroiigh fissures from yeiy near the siirfaee of the 
gronncL All the fiiots with whkh seienoe has made m ac- 
quainted — and both natural and pby siioal adence has been labour^ 
ing with most untiring industry in the pursuit of truth — go to 
prore that light is absolutely necessary to organization. It is 
possibte, the influence of the solar radiataons may ext^id beyond 
the poweis of the human senses to detect luminous or themte 
action, and that consequently a development of animal or veget- 
able forms may occur where the eye can detect no light ; and 
under such ocmditions the Proteus may be produced in its cav 
emous abodes, and also those creatures which live Imried deep in 
mud. Some further consideration of the probable agency of light 
will occupy us, when we come to examine the phenomena of vital 
forces. 

Light is essentially necessary to vegetable life ; and to it sci- 
ence refers the powers which the plant possesses of separating 
carbon from the anr breathed by the leaves, and secreting it witlun 
its tissues fi>r the purpose of adding to its woody structure. As, 
however, we have, in the growing plant, the action of several 
physical powers exerted to different ends at the same time, the 
remarkable facts which connect themselves with vegetable chem- 
istry and physiology are deferred for a separate examination. 

The power of the solar rays to produce in bodies that peculiar 
gleaming light which we call phosphorescence, and the curious 
conditions under which this phenomenon is sometimes apparent, 
independent of the sun*s direct influence, present a very remark- 
able chapter in the science of luminous powers. 

The phosphorescence of animals is amongst the most surprising 
of nature's phenomena, and to us is not the less so from our 
almost entire ignorance of the cause of it. Many very poetical 
fancies have been applied in description of these luminous crea- 
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tions; and imagination has fmind Teasona why ifaey ahonld be 
gifted with theae eztraoidinary powera. The glow-worm lights 
her lamp to lore her lover to her bower, and the Inminons animal- 
eoles of ihe ocean are employed in lighting up ihe fiithomless 
depths where the son's rays cannot penetrate, to aid its monsters 
-^ their search for prey. " The lamp of love — the pharos — 
the telegraph of the night, — which scintillates and marks, in the 
silence of darkness, the spot appointed for the lover's rendess- 
'VOQa,"(^) is but a pretty fiction ; for the glow-worm shines in its 
infant state, in that of the larva, and when in its aurelian con- 
dition. Of the dark depths of the ocean it may be safely 
affirmed that no organized creation lives or moves in its gravelike 
silence to require this foir^-like aid. fiction has frequenUy bor- 
rowed her creations from science. In these cases science appears 
to have made free with the rights of fiction. 

The glow-worms {lampyris noctilucd)^ it is well known, have 
the power of emitting from their bodies a beautiful pale bluish- 
white light, shining during the hours of night in the hedgerow, 
like crystal spheres. It appears, from the observations of natu- 
ralists, that these insects never exhibit their light without some 
motion of the body or legs; -^ from this it would seem that the 
phosphorescence was dependent upon some nervous action, regu- 
lated at pleasure by the insect ; for they certainly have the power 
of obscuring it entirely. If the glow-worm is crushed, and the 
hands or fooe are rubbed with it, luminous streaks, similar to 
those produced by phosphorus, appear. They shine with greatly- 
increased brilliancy in oxygen gas and in nitrous oxide. From 
these facts may we not infer that the process by which this lumin- 
osdty is produced, whatever it may be, has a strong resemblance 
to that of respiration ? 
There are several varieties of flies, and three species of beetles 
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of die ge&iifl EhUTi ivltMk have the powM*of emittiiig lanimoiui 
nye. The great lantern-fly of Seath Amenoa. ia one of the moal 
bnllianty a sipgle insect giving suffieientr ligjbt to enaUe a. penon 
to read* In Sorinam/a very numerous obuw of these ioeeets are: 
&und, whidi often illuminate the air in a lemarkable manner* 
In some of the bogs of Iielattd a wonn exists which gives out a 
bright green li^t ; and theceare many, other kinds of omatoiea 
which, under certain circumstances, beoome hminaoBinthedark*. 
This ift abnijiia dependent iq^ vitality; £[» all these animals, 
when deprived of life, cease to shhie* "^ . 

Aiihe same time we have many very eurione instaoieaiof 
phoephonesoenoe in dead animal and vegetable mattes; the 
lobster among the Gmstaoea^ and the whitmg among fishes^, 
ane striking examples : decayed, wood also, emita much light: 
under certain conditions of the atmosphere. This development; 
of fight does not appear to beat all dependrait upon potre&etion; 
indeed, as this process prognaeses^ die luminosyy dimwiiahes. 
We cannot but imagine that this Kght is. owing, in the first plaoe, 
to direct absorption by, and fixation within, the covpusenlar strue- 
tnre ni those bodies, and that it is developed by the deoonif 
position of the pacticles. under the inflnenoe of omr osygenoua 
atmosphere. 

The pale light emitted by phospfaoma in the dark is. imll 
known ; and this is evidently only a species of slow omibustion, %. 
combination of the phosphorus with theoxygen of the ur. Where 
there is no oxygen, phosphorus will not shine ; its. combustbn m 
chlorine or iodine vapour is a phenomen<m of a totally difirent 
character from that which we are now considering. This phos- 
phorescence of animal and vegetable matter has been regarded 
as something different from the slow combustion of phosphorus ; 
but, upon examination, all the chemical conditions are found to 
be the same, and it is certainly due to a omikr chemical change. 
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The Imninoas matter of the dead whiting or the maekerel may 
be separated by a solution of common salt or of salphate of mag^ 
nena ; by concentrating these solutions the light disappears ; but 
it is again emitted when the fluid is diluted. The entire subject 
is, however, involved in the mystery of ignorance, although it is a 
matter quite within the scope of any industrious observer. The 
self-emitted light of the carbuncle of the romancer is realized in 
these remarkable phenomena. 

The phosphorescence of some plants and flowers is not, perhaps, 
of the same order as that which belongs to either of the condi- 
tions we have been considering. It appears to be due ratiier to 
an absorption of light and its subsequent liberation. If a nas- 
turtium is plucked during sunshine, and earned into a dark room, 
the eye, after it has reposed for a short time, will discover the 
flower by a light emitted from its leaves. 

The following remarkable example, and an explanation of it 
by the poet Goethe, is instructive : — 

'' On the 19th of June, 1799, late in the evening, when the 
twilight was deepening into a clear night, as I was walking up 
and down the garden with a friend, we very distinctiy observed 
a flame>like appearance near the oriental poppy, the flowers of 
which are remarkable for their powerful red colour. We ap- 
proached the place, and looked attentively at the flowers, but 
could perceive nothing further, till at last, by passing and re- 
passing repeatedly, while we looked code-ways on them, we suc- 
ceeded in renewing the appearance as often as we pleased. It 
proved to be a physiological phenomenon, and the apparent cor- 
ruscation was nothing but the spectrum of the flower in the com- 
pensatory blue-green colour. The twilight accounts for the eye 
being in a perfect state of repose, and thus very susceptible, and 
the colour <^ the poppy is sufficiently powerful in the summer 
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tiriligbt of the longest days to act wiib fall eflbct, aQd produee a 
compensatory image. "("*^) 

The leaves of the 4BnatIiera macrocarpa are said to exhibit 
phosphoric light when the air is highly charged with electricity. 
The agarics of the oliye-gronnds at Montpelier have been ob- 
served to be Inminons at night ; but they exhibit no light, even 
in darkness, during the clay. The sabtenanean passages of the 
coal mines, near Dresden, are illuminated by the phosphorescent 
light of the rhizomorpha phosphareus, a peculiar fungus. On 
the leaves of the Pindoba palm, a species of agaric grows which 
is exceedingly luminous at night ; and many varieties of the 
lichens, creeping along the roofs of caverns, lend to them an air 
of enchantment by the soft and clear light they diffuse. In a 
nnall cave near Falmouth, this luminous moss is very abundant ; 
it is also found in the mines of Hesse ; and according to Heins- 
mann, the rhizomorpha mbterranea and aiduUe are also phos- 
phorescent. 

It is but lately that a plant, which abounds in the jungles in 
the Madura district of the East Indies, was sent to this country^ 
which, although dead, was remarkably phosphorescent; and, 
when in the living state, the light which it emitted was extraor- 
dinarily vivid, illuminating the ground for some distance. Those 
remarkable effects may be due, in some cases, to the separation 
of phosphoretted hydrogen from decomposing matter, and, in 
others, to some peculiar electric manifestation. 

The phosphorescence of the sea, or that condition called by 
fishermen hrimy, when the surface, being struck by an oar, or 
the paddle-wheels of a steamer, gives out large quantities of 
light, has been attributed to the presence of myriads of minute 
insects which have the power of emitting light when irritated. 
The night-shining nereis (Nereis nocHluca) emits a light of 
great briUiancy, as do several kinds of the moHosca. The 
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nereides attach tfaemselves to the scales of fishes, and thos 
frequently render them exceedingly luminous. Some of the cnis- 
tacesd possess the same remarkahle property ; — twelve different 
species of cancer were taken up by the naturalists of the Zaire 
in the Oulf of Guinea. (^) The cancer ftdgms, discovered by 
8ur Joseph Banks, is enabled \o illuminate its whole body, and 
emits yivid flashes of light. Many of the nedusso also exhibit 
powerful phosphoresceBce.C^) These noctilucous creatures are, 
many of them, exceedingly minute, several thousands being 
foond in a tea-cup of sea-water. They float near the surfisoe in 
countless myriads, and when disturbed they give out bnlliant 
scintillations, often leavmg a train of light behind them.("') 
By microscopic examination no other fact has been elicited than 
that these minute beings contain a fluid which, when squeeied 
out, leaves a line of light upon the surface of water. The ap- 
pearance of these creatures is almost invariably on the eve of 
some change of weather, which would lead us to suppose that 
their luminous phenomena must be connected with electrical 
exdtataon ; and of this, the investigations of Mr. 0. Peach, of 
Fowey, communicated to the British Assodation at Binning- 
ham, furnish the most satisfiictory proofii we have as yet obtained. 
Benvenuto Cellini gives a curious account of a carbuncle 
which would shine with great brilliancy in the dazk. The same 
tiling has been stated of the diamond ; but it appears to be nec- 
essary, to procure these emisdons of light, that the minerals 
should be first warmed near a fire. From this we infer that the 
luminous appearance is of a edmilar diameter to that of fluor 
spar, and of numerous other earthy minerals, which, when ex- 
posed to heat, phosphoresce with great brilliancy. Phosphores- 
cent glow can also be excited in similar bodies by electricity, as 
was first pointed out by Father Beccaria, and confirmed by Mr* 
PearsalL^^) These efibets, it most be rem^nbered, are dis- 
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tiDct from tbe electric spark manifested vpon breaking white 
sugar in the dark, or scratching salphnret of zinc. 

In the instances addaced there is not necessarily any expo- 
snre to the sunshine required. It is probable that two, if not 
three, distinct phenomena are concerned in the cases above 
quoted, and that all of them are distinct from animal phospho- 
rescence, or the luminous appearance of vegetables. They, 
however, certainly prove, either that light is capable of becomr 
ing latent, or that it is only a condition oi matter, in which it 
may be made manifest by any disturbance of the molecular 
forces. We have, in answer to this, very distinct evidence that 
some bodies are capable of deriving this property from the solar 
rays. Canton's phosphorus, which is a snlphuret of calcium, 
will, having been exposed to the sun, continue luminous for 
some time after it is carried into the dark ; as will also the Bo- 
lognian stone, a sulphuret of barium. This result appears to be 
due to a particular class of the solar rays ; for it has been found, 
if these sulphurets, spread smoothly on paper, are exposed to the 
influence of the solar spectrum for some little time, and then 
examined in the dark, that luminous spaces appear, exactly 
corresponding with the most refrangible rays, or those whiok 
excite chemical change; and one very remarkable fact must 
not be forgotten — the dark rays of the spectrum beyond the 
violet produce a lively phosphorescence, which is extinguished 
by the action of the rays of least refrangibility, or the heat- 
rays — whilst artificial heat, as a warm iron, produces a very 
considerable elevation of the phosphorescent eflfect.(^*) 

In these allied phenomena we have effects which are evidently 
dependent upon several dissimilar causes. The phosphorescence 
of the living animal is due^ without doubt, to nervous excitation ; 
that of the living vegetable to solar influence ; and in the case of 
Ae mosses of caverns, &c. to that peculiar power wfaicli k 
11 
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connected with the chemical agency of the sun's rays, and which 
is now clearly proved to be capable of conduction. In the dead 
organic matter we have a purely chemical action developing the 
light, and in the inorganic bodies we have peculiar molecular 
constitution, by which an absorption of light appears to take 
place. 

The subject is one of the greatest difficulty ; the torch of 
science is too dim to enable us to see the causes at work in 
producing these marvellous e£fects. The investigation leads, to 
a certiun extent, to the elucidation of many of the secrets of 
luminous action ; and the determination of the question, whether 
light is an emanation from the sun, or only a subtile principle 
diffused through all matter, which is excited by solar influence, 
is intimately connected with the inquiry. 

It has been stated that matter is necessary to the development 
of light ; that no luminous effect would be produced if it were 
not for the presence of matter. Of this we not only have no 
proof, but such evidence as we have is against the podtion. 
There is no loss of light in the most perfect vacuum we can 
produce by any artificial means, which should be the case if 
matter was concerned in the phenomena of light as a cause. 
Colour is certainly a property regulated by material bodies ; 
or rather the presence of matter is necessary to the production 
of colour. Chlorine gas is a pale yellow, and nitrous vapour 
a yellowish red. These and one or two other vapours, which 
are near the point of condensation into fluids, are the only 
coloured gaseous or vaporiform bodies. The sky is blue» 
because the material particles of the atmosphere reflect back 
the blue rays. But we have more practical illustrations than 
this. The flame of hydrogen burning with oxygen gives scarcely 
any light ; allow it to impinge on lime, a portion of which is 
carried off by [the heat of the flame, and the most intense 
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artificial Hght with which we are acquainted is prodaced. 
Hydrogen gas alone gives a flame in which nearly all bat the 
bine rays are wanting : place a brush of steel or asbestos in it, 
and many of the other rays are at once produced. An 
Argand lamp, and more particularly the camphine Argand, 
gives a flame which emits most of the rays found in sun- 
light. Spirit of wine mixed with water, warmed and ignited, 
gives only yellow rays; add nitrate of strontian, and they 
become rod; but nitrate of barytes being mixed with it, they 
are changed to green and yellow ; salts of copper aflS>rd fine 
blue rays, and common salt, intense yellow ones. Many of 
these coloured rays and others can be produced in great power 
by the use of various solid bodies introduced into flame. This 
has not been sufficiently pointed out by authors ; but it is 
clear from experiments that light requires the presence of 
matter to enable it to dififuse its glories. How is it that the 
oxygen and hydrogen flame gives so little light, and, with a 
solid body present, pours forth such a flood of brilliancy ? 

The production of artificial light by electrical and chemical 
agencies will necessarily find some consideration under their 
respective heads. There are numerous phenomena which con- 
nect themselves with luminous power, or appear to do so, which, 
in the present state of our knowledge, cannot come immediately 
within our attention. We are compelled to reserve our limited 
space for those branches of science which we are enabled to con- 
nect with the great natural operations constantly going on around 
us. Many of these more abstruse results will, however, receive 
some incidental notice when we come to examine the operation 
of the combined physical forces on matter. 

We see in light a principle which, if it has not its source 
in the sun, is certainly dependent upon that luminaiy for its 
manifestations and powers. .From tiiat <* fountain of light" 
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we find this principle travelling to ns at a speed which almost 
approaches the quickness of thought itself; jet by the refine- 
ments of science we have been enabled to measure its velocity 
with the utmost accuracy. The immortal poet of our own land 
and language, in his creation of Ariel, that '* tricksy spirit," 
who oould creep like music upon the waters, and girdle the 
earth in thirty minutes, appears to have approached to the 
highest point to which mere imagination could carry the human 
mind as to the powers of things ethereal. Science has, since 
then, shown to man that this ** spirit, fine spirit," was a lag- 
gard in his tasks, and a gross piece of matter, when compared 
with the Bubtile essences which man, like a nobler Prospero, 
has now subdued to do him service. Light is necessary to 
life ; the world was a dead chaos before its creation, and mute 
disorder would again be the consequence of its annihilation. 
Every charm which spreads itself over this rolling globe is 
directly dependent upon luminous power. Colours, and often, 
probably, forms, are the result of light, certainly the consequence 
of solar radiations. We know much of the mysterious influ- 
ences of this great agent, but we know nothing of the principle 
itself. The solar beam has been tortured through prismastic 
glasses and natural crystals. Every chemical agent has been 
tried upon it, every electrical force in the most ezcited state 
brought to bear upon its operations, with a view to the 
discovery of the most refined of earthly agencies ; but it has 
passed through every trial without revealing its secrets, and 
even the effects which it produces in its path are unexplained 
problems still, to tax the intellect of man. 

Every animal and every plant is impelled to own that life and 
health are due to light ; and even the crystallizing forms of inor- 
ganic matter, by bending towards it, confess its all-prevailing 
sway. From the sun to every planet revolving around that orb, 
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and to the remotest stars wbieb gleam through the vast immensity 
of heaven, we discover this power still in its brightness, giving 
beauty and order to these unnumbered creations, no less com- 
pletely than to this small island of the universe. Through 
every form of matter we can mark its power, and from all we 
oan, under certain conditions, evoke it in lustre and activity. 
Over all and through all light spreads its ethereal force, and 
manifests, in all its operaticms, powers which might well ^alt 
the mind of Plato to the idea of an omniscient and omnipresent 
God. Science, with her lihuriel wand, has, however, shown 
that light is itself an effect of a yet more exalted cause, which 
we can only refer to the source of every good and every perfect 
gift. 

11 
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CHAPTER Vm, 

ACTINISM— CHEMICAL RADIATIONS, 

Tke Son-niy and its Powers —Darkening of Horn Silyer— Niepee's Dis- 
eoyery—- Prismatic Spectmm—- Befrangibility of L%ht, Heat, and 
Actinism — Dag^erre*s Discovery «- Photography — > Chemical Effects 
produced by Solar Badiations — Absorption of Actinism — Phenome- 
na of the Dagnerreotype — Chemical Change produced upon all Bodies 
—Power of Matter to restore its Condition— Light protects from 
Chemical Change— Photographs taken in Darkness — Chemical Ef- 
fects of Light on Organized Forms — Chemical Effects of Solar Heat 
— Influence of Actinism on Electricity — Radiations in Darkness — 
Moser's Discoveries, &c. 

Hbat and light are derived from the son, and we have attempted 
to show that not only are the phenomena of these two principles 
different, hnt that they can scarcely, in the present condition of 
our knowledge, he regarded as modified manifestations of one 
superior power. Associated with these two remarkahle elements, 
others may exist in the solar rays. Electrical phenomena are 
certainly developed hy hoth heat and Ught, and peculiar changes 
are produced hy a short exposure to sunshine. Electricity may 
be merely excited by the solar rays, or it may flow like light 
from the sun. Chemical action may be only due to the disturb- 
ance of some diffused principle ; or it may be directly owing to 
some agency which is radiated at once from the sun. 

A sun-ray is a magical thing : we connect it in our &ncy with 
the most ethereal of possible creations. Yet in its action on 
matter it produces colour; it separates the particles of solid 
masses farther from each other, and it breaks up some of the 
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strongest forces of chemical affinity. To modem science is en- 
tirely due the knowledge we have gained of the marvelloas 
powers of the sunbeam ; and it has rendered us familiar with 
phenomena, to which the incantation-scenes of the Cornelius 
Agrippas of the Dark Ages were but ill-contrived delusions, and 
their magic mirrors poor instruments in comparison with the 
cdlver tablets of the photographic artist. 

In the Dark Ages, or rather as the earliest gleams of the 
bright morning of industrious research were dispelling the mists 
of that phantom-peopled period, it was observed, for the first 
time, that the sun's rays turned a white compound black. Man 
must have witnessed, long before, that curious change which is 
constantly taking place in all vegetable colours : some darkening 
by exposure to sunlight, while others are bleached by the solar 
rays. Yet those phenomena excited no attention, and the world 
knew nothing of the mighty changes which were constantly taking 
place around them. The alchemists — sublime pictures oi credu- 
lous humanity — toiling in the smoke of their secret laboratories, 
wuting and watching for every change which could be produced 
by fire, or by their " royal waters," caught the first faint ray of 
an opening truth ; and their wild fiincy, that light could change 
ffllver into gold, if they but succeeded in getting its subtile beams 
to interpenetrate the metal, was the clue afforded to the empirical 
philosopher to guide him through a more than Cretan laby- 
rinth. O 

The first fact recorded upon this point was, that horn silver 
blackened when exposed to the light. Without doubt many 
anxious thoughts were given by these alchemists to that fact. 
Here was, as it appeared, a mixing up of light and matter, and 
behold the striking change. It was a step towards the realization 
of their dreams. Alas, poor visionaries I in pursuiug an ideality 
they lost the reality which was within their grasp. 
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Tratlis come slowly upon man, and long it is before these angel 
Timts are acknowledged by humanity. The world clings to its 
errors, and avoids the truth, lest its light should betray their 
miserable follies. 

At length a man of genius announced that *' No svhgtanee 
can he exposed to the sun^s ray% without undergoing a chenUeai 
change ;" but his words fell idly upon the ear. His friends 
looked upon his light-produced pictures as curious matters ; they 
preserred them in their cabinets of curiosities : but the truth 
which he enunciated was soon forgotten. Howbeit, these words 
were recorded, and it is due to the solitary experimentalist ci 
Chitons on the Sa6ne, to couple the name of Niepce with the 
discovery of a fact which is scarcely second to the development 
of the great law of universal gravitation. ("') But an examina- 
tion awaits us, which, for its novelty, has more charms than most 
branches of science, and which, for the extensive views it opens 
to the inquirer, has an interest in nowise inferior to any other 
physical investigation. 

The prismatic spectrum afiR)rds us the means of examining 
the conditions of the solar rays with great £icility. In bending 
ihe ray of white light out of its path, by means of a triangular 
piece of glass, we divide it in a remarkable manner. We learn 
that heat is less refracted by the glass than the other powers ; we 
find the maximum point of the calorific rays but slightly thrown 
out of the right line, which the solar pencil would have taken, 
had it not been interrupted by the prism ; and the thermic action 
is found to diminish with much regularity on either side of this 
line. We discover that the luminous power is subject to greater 
refraction, and that its maximum' lies considerably above that of 
heat ; and that, in like manner, on each side the light diminishes, 
producing orange, red, and crimson colours below the maximum 
pomt, and green, blue, and violet above it. Again, we find 
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that the radiations which produce chemical change are mora 
refrangible than either of the others, and the maximum of this 
power is found at the point where light rapidly diminishes, and 
where scarcely any heat can be detected : it extends in full 
activity, aboye its maximum, to a considerable distance, where 
no trace of light can be discovered, and below that point, until 
light, appearing to act as an interfering agent, quenches its pecu- 
liar properties. These are strong evidences that light and 
actinism — as this principle has been named — are not identical : 
and we may separate them most easily and effectually from each 
other. Certain glasses, stained dark blue, with oxide of cobalt, 
admit scarcely any light ; but they offer no interruption to the 
passage of actinism ; on the contrary, a yellow glass, or a yellow 
fluid, which does not sensibly reduce the intensity of any one 
colour of the chromatic band of luminous rays, completely cuts 
off this chemical principle, whatever it may be. In addition to 
these, there are other results which we shall have to describe, 
which prove that, although associated in the solar beam, light 
and actinism are in constant antagonism. 

When Daguerre first published his great discovery, the Euro- 
pean public regarded his metal tablets with feelings of wonder ; 
we have grown accustomed to the beautiful phenomena of this 
art, and we have become acquainted with a number of no less 
beautiful processes on paper, all of which, if studied aright, must 
convince the most superficial thinker, that a world of wonder lies 
a little beyond our knowledge, but within the reach of industri- 
ous and patient research. Photography is the name by which 
the art of sun-painting will be for ever known. We regard this 
as unfortunate, conveying as it does a false idea, — the pictures 
not being ligkt'drawn. Could we adopt the name given by 
Niepce to the process, the difficulty would be avoidedy since 
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Heliograpby involyes no bypothesLs, and strictly telLs tbe unde- 
niable fact, tbat oar pictures are mn-dravm. 

Bj whatever name we determine to convey our ideas of tbese 
phenomena, it is certain that they involve a series of effects 
which are of the highest interest to every lover of nature, and 
of tbe utmost importance to tbe artist and tbe amateur. By 
easy manipulation, we are now enabled to give permanence to 
the charming pictures which are produced by means of that 
pleasing invention of Baptista Porta, tbe Camera Obscura. 
Any image, which being refracted by the lens of this instrument 
falls upon the table in its dark chamber, may be secured with its 
most delicate gradations of shadows, upon either a metallic or a 
paper tablet. 

Thus we are enabled to preserve the lineaments of those who 
have benefited their race by their genius or their bravery. By 
the agency of those very rays which give life and brilEanoy to the 
laughing eye and roseate cheek, we can at once correctly trace the 
outline of the features we admire, and fill in those shadowy de* 
tails which ^ve the picture tbe charm of vratsemhlance. The 
admirer of nature may copy her arrangements with strict fidelity. 
Every undulation of the landscape, every projecting rock or 
beetling tor, each sinuous river, and the spreading plains over 
which are scattered the homes of honest industry and domestic 
peace, intermingled with the towers or spires of those humble 
temples in which eimple-hearted piety delights to kneel, — these, 
all of these, may, by the sunbeam which illuminates the whole, 
be faithfully pencilled upon our chemical preparations. 

To the traveller how valuable is the process ! The character- 
istic vegetation of distant lands, and the remains of hoar antiquity, 
speaking to the present of the past, and recordmg the histories of 
races which have fleeted away, may be alike secured to instruct 
** home-keeping wits/' by the assistance of this beautiful art 
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Sut it is necessary we name a few of the more striking phe- 
nomena of these changes. To commence with some of the more 
simple but no less important results. 

Chlorine and hydrogen will not unite in darkness, nor will 
chlorine and carbonic oxide ; but, if either of those gaseous mix- 
tures are exposed to sunshine, they combine rapidly, and with 
explosion. A solution of the sulphate of iron in ordinary water 
may be preserved for a long time in the dark without undergoing 
any change ; expose it to the sunshine, and a precipitation of 
oxide of iron is very rapidly produced. The mineral chameleon, 
the manganesicUe of potash in solution, is almost instantly de- 
composed in daylight ; but it is a long time before it undergoes 
fmy change in darkness. The same thing occurs with a combina- 
tion of platinum and lime ; and, indeed, it appears that precipita- 
tion is at all times, and under all circumstances, accelerated by 
the solar rays. As these precipitations are in exact agreement 
with the quantity of actinic radiation to which the solutions have 
been exposed, we may actually weigh off the relative quantities, 
representing in grains the equivalent numbers to the amount of 
actinism which has influenced the chemical compound. Q^^) 

We have evidence which appears to prove that this agent may 
be absorbed by simple bodies, and that by this absorption an 
actual change of condition is produced, in many respects analo- 
gous to those allotropic changes which we have previously con- 
ffldered. Chlorine, in its ordinary state, and hydrogen, do not 
combine in the dark. If we employ the yellow medium of chlo- 
rine gas, for the purpose of analyzing the sun's rays previously 
to their falling upon some chemical compound which is sensitive 
to actinic power^ we shall find that the chlorine obstructs all this 
actinism, and our unstable compound remains unchanged. But 
the chlorine gas which has interrupted tiiis wonderful agent, ap- 
pears to have absorbed it, and it is so &r altered in its constitution 
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that it will unite with hydrogen in the dark.("*) In Uke manner, 
if, of two portions of the same solution of sulphate of iron, one is 
kept in the dark and the other exposed to sunshine, it will be 
found that the solution which has been exposed will precipitate 
gold and silver from their combinations much more speedily than 
that which has been preserved in darkness. 

The phenomena of the Daguerreotype involve many strange 
oonditions. A plate of silver, on which a slight chemical action 
has been establbhed by the use of iodine, is exposed to the len- 
ticular image in the camera obscura. If allowed to remain under 
the influence of the radiations for a sufficient lengtii of time, a 
faithful picture of the illuminated objects is delineated on the 
plate, as shown by the visible decomposition and darkening of 
the iodized surface. The plate is not, however, in practice al- 
lowed to assume this condition ; after an exposure of a few 
seconds the radiant influence is cut off, and the eye cannot detect 
any evidence of change upon the yellow plate. It is now exposed 
to the vapour of mercury, and that metal in a state of exceed- 
ingly fine division is condensed upon the plate ; but tiie conden- 
sation is not uniformly spread upon its face. The deposit of 
mercurial vapour is in exact proportion to the amount of chemical 
action produced. Is the change, by which this peculiar power of 
condensation is effected, a chemical, calorific, electrical, or merely 
a molecular one ? The evidences, at present, are not sufficient 
to determine the question. In all probability we have the in- 
volved action of several forces. It is not necessary that a chemi- 
cally prepared surface should be exposed to the sun's rays to 
exhibit this result. A poHshed plate of metal, of glass, of marble, 
or a piece of wood being partially exposed, will, when breath- 
ed upon, or presented to the action of mercurial vapour, show 
that a disturbance has been produced upon the portions which 
were illuminated, whereaa no change can be detected upon the 
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ptrtB whidi were kept in tlie dark. It mm thoaght, until lately, that 
a few chemical oonpounds, sach as iodide of silver, the Daguerre- 
otype and Oalotype material, — chloride of silver, the ordinary 
photographic agent, --^ a few salts of gold, and one or two of lead 
and iron, were the only materials upon which these very remark- 
ahle changes were produced. We now know that it is impossible 
to expose any body, simple or oompound, to the sun's rays, with* 
out its being inftuenced by this chemical and molecular disturbing 
power. To take our examples from inorganic nature, the granite 
rook which presents its uplifted head in firmness to the driving 
storm, the stones which genius has framed into forms of archite^ 
tural beauty, or the metal which is intended to c(Mnmemorate the 
great acts of man, and which in the human form proclaims the 
hero's deeds and the artists talent, are all alike destructively 
acted upon during the hours of sunshine, and, but for provisions 
of nature no less wonderful, would soon perish under the delicate 
touch of the most subtile of the agencies of the universe. 

Niepce was the first to show that those bodies which underwent 
this change during daylight, possessed the power of restoring 
themselves to their original conditions during the hours of night, 
when this excitement was no longer influenoing them. Besins, 
the Daguerreotype plate, the unprepared metal tablet, and 
numerous photographic preparations show this ia a remarkable 
manner. (^) 

The picture which we receive to-night, unless we adopt 9oa» 
method of securing its permanency, fiides away befiare the morn- 
ing, and we try to restore it in vain. Upon some ci our chemical 
preparations this is very remarkably shown, but by none in so 
striking a manner as by paper prepared with the iodide of plar 
tinum;, which, being impressed with an image by heliographio 
power, restores itself in the dark, in a few minutes, to its former 
state of BBBs&aMj to suBsUne.(^) The infeienee we alono can 

12 
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draw from all the evidences which the stadj of actino-chemistrj 
affords, is, that the hours of darkness are as necessary to the in- 
organic creation as we know night and sleep are to the organic 
kingdom. Bat we most not forget that there does exist in the 
Bokr rays a balance of forces which materially modifies the 
amount of disturbing influence exerted by them on matter. Not 
only do we find that the chemical action is not extended oyer the 
whole length of the prismatic spectrum, but we discover that over 
spaces, which correspond with the maximum points of light and 
heat, a protective action is exerted. That is, that highly sensitive 
photographic agents, which blacken rapidly under exposure to 
diffused daylight, are entirely protected from change in full sun- 
shine, if at the same time, as a strong light is thrown upon them 
by reflection, the yellow and extra red rays are brought to 
bear upon their surface. Not only so, but by employing media 
which will cut off the chemical rays of the spectrum, admitting 
only the luminous and calorific rays, we find that this power of 
protection is co-extensive with colour, or rather with light, and 
that a protected band, the length of the spectrum, remains white, 
whilst every other portion has blackened. (^) 

Among the many curious instances of natural magic, none are 
more remarkable than an experiment not long educe proposed, by 
which Daguerreotype pictures could be taken in absolute dark- 
ness. This is effected in the following manner : A large pris- 
matic spectrum is thrown upon a lens fitted into one side of a 
dark chamber ; and as we know that the actinic power resides in 
great activity beyond the violet ray, where there is no light, the 
only rays which we allow to pass the lens iuto the chamber, are 
those which are extra-spectral and non-luminous. These are 
directed upon any object, and from that object radiated npon a 
highly sensitive plate in a camera obscura. Thus a copy of the 
aabjeot will be obtained by the agency of radiations which pro- 
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doee no senable e£^t npon the optio nerre. This experiment 
is the Gonverse of those which show us, that we maj illaminate 
any object with the strongest sanlight which has passed such adio- 
actinic media — as yellow glass, the yellow solation of solphnret 
of ealciam, or of the bichromate of potash — and yet fail to 
secure any Daguerreotype copy of it, even upon the most ex- 
quisitely sensitive plate. Indeed, the image of the sun itself, 
when setting through an atmosphere which reduces its light to a 
red or rich yellow colour, not only produces no chemical change, 
but protects an iodized plate from it ; and whilst every other part 
of the tablet gives a picture of surrounding objects in the ordi- 
nary character, the bright sun itself is represented by a spot upon 
which no change has taken place. (^) In tropical climes, where 
a brilliant sun is giving the utmost degree of illumination to all 
eiKrounding objects, all photographic preparations are acted upon 
more slowly than in the climate of England, where the light is 
less intense. As a remarkable instance of this £su)t, a circum* 
stance may be mentioned, which is curiously illustrative of the 
power of light to interfere with actinism : — 

A gentleman, well acquainted with the Daguerreotype process, 
took with him to the city of Mexico all the necessary apparatus 
and chemicals, expecting, under the bright light and cloudless 
skies of that climate, to produce pictures of superior excellence. 
Failure upon failure was the result ; and although every care was 
used, and every precaution adopted, it was not until the rainy 
season set in that he could secure a good Daguerreotype of any 
of the buildings of that southern city. 

Any reference to the chemical agency of lighi! — luminous 
rays — has been avoided until we came to the consideration of 
this particular question of chemical change. 

Upon organic compounds, as, for instance, upon the colouring 
matter of leaves and flowers, light does exert a chemical power ; 
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and it Is found that Tegrtable colours ax« bleached, not by rays 
of their ourn character, bat by those nrhich are complementary 
to them. A red dye fades under the influence of a gieen ray, 
and a yellow under that of a blue one, much mcHre speedily than 
when exposed to rays of any other colour. (^^) It was long a 
question whether the decomposition of carbonic acid by plants was 
due to the luminous or the chemical rays. It is now dearly 
established that the luminous rays are the moat aetire in produc- 
ing this effect ; which they do, in all probability, cmly indirectly^ 
by exciting the vital powers of the organized structures, to whidi 
we would refer this phenomenon of gaseous decompotttion.(^^) 

We have already no^ced some chemical phenomena due to 
heat, particularly those experiments of Count Bumford's, which 
appeared to him to prove that the chemical agency of the sun's 
rays was due to its calorific power. A certain class of chemical 
phenomena, we know, may be produced by thermic action, both 
radiant and direct ; but the only class of thermo-cheraical action, 
which connects itself immediately with the solar radiations, be- 
longs to a class of rays to which the name of Parathermic has 
been given, and to which belong the scorching, as it is called, 
of plants, the browning of the autumnal leaves, and probably the 
ripening of fruits. (^*) Wh«i we come to the consideration of 
those physical phenomena which belong to the growth of plants, 
all these peculiarities of solar action must be attended to in 
detail. 

The manner in which we find the actinic power influencing elec- 
trical action, also shows us that this balance of force is continued 
through all the great principles of nature. If a galvanic arrange- 
ment is made, by which small quantities of metals may be slowly 
precipitated at one of the poles in the dark, and a similar arrange- 
ment be exposed to sunshine, it will be then found that no metal 
will be deposited : the sun's rays have interfered with the decomr- 
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posing power of the electrical carrent. At the same time we 
learn, that, by throwing a beam of light upon a plate of copper, 
forming one of a galvanic pair, whilst it is under the inflaence 
of an acidulated solution, an additional ezcitatioa takes place, 
and the galvanometer will indicate the passage of an increased 
current of electricity. These two dissimilar actions appear enig- 
matical ; but they may, there is no doubt, receive some solution 
from the influence of different rays on the contrary poles of the 
battery. One thing is quite evident, — electricity sufiers a dis- 
turbance of one order, by light ; and, by its associated principles 
in the sunbeam, an excitement of another. If a yellow glass is 
interposed between the galvanic arrangement and the sun, the 
electrOHshemical precipitation goes on in the same manner as it 
would in darkness, and no extra excitement is produced upon the 
plates of the battery. From this it would appear that actinism 
and not light is to be regarded as the actively disturbing 
power. (^') 

We have already detailed many of the peculiarities of the dif> 
jferent varieties of Phosphori, which would seem to be the result 
of light. Phosphorescence is, however, excited by those rays 
which produce no direct effect upon the eye. If we spread sul- 
phuret of calcium upon paper, and expose it to the action of the 
solar spectrum, it is found to glow (in the dark) only over those 
spaces occupied by the violet rays and the dark rays beyond 
them, proving that the excitation necessary to the development of 
the phenomena of phosphorescence is due to a class of rays dis- 
tinct from the true liglit-giving principle, and more nearly allied 
to that principle or power wbich sets up chemical decomposition. 

Vision and colour, calorific action, chemical change, molecular 
disturbance, electrical phenomena, and phosphorescent excitation, 
all, each one with a strange duality, are connected with the 
sunbeam. 

12* 
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We find, when we receive solar spectra upon iodised plates, or 
on several kinds of pliotographic paper, that a line, over whi^ no 
action takes place, is preserved at the top and bottom of the im- 
pressed image, and in many cases along the sides also. The only 
way in which this can be accounted for, sa the spectmm represents 
tlie sun in a distorted form, is by supposing that rays come from 
the edges of the sun of a different character from those which prch 
oeed from the centre of that orb.(^) 

May we not look upon the examples which have been given, as 
evidence of some such arrangement of the united principles as the 
following ? Light proceeds with greatest power from the centre 
of the solar disc, although diffusing itself over every part ; — as 
tiie force of light diminishes, calorific action is more strongly 
manifested, and a zone of heat surrounds the centre of light, be- 
yond which, extending like an atmosphere to the sun himsell^ 
exists the mighty chemical power which we call actinism ; and 
may not electricity be the result of the combined action of these 
three powers ? 

That aotmism is one of the great powers of creation we have 
abundant proof. Nearly all the phenomena of change which have 
been referred to light, are now proved to be dependent upon 
actinic power ; and beyond the influence whidi has been ascer- 
tained to be exerted by it upon all inorganic bodies, we shall 
have occasion to show still further the dependence of the veget- 
able and animal worlds upon its agency. The influence of the 
solar beams on vegetation is proved by common experience ; the 
closer examination of its action on vegetable life is reserved for 
the chapter devoted to its phenomena. Of its influence on ani- 
mals nothing is very correctly known ; but some early experi- 
ments prove that they, like other organized bodies, are subject to 
all the radiant forces, as indeed, independent of experiment, our 
common experience teaches. Certiun it is, that organization can 
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feake plaoe only where the cram'B rays oui penetrate : where there 
is tuidiangii^ dmicnefls, there we find all the silence of death. 
Promathens stide fire firora heaven, and gave the aaered gift to 
man, us the most useful to him of all things in his necessities : 
by the aid of it he could temper the severities of climate, render 
hiB food more digestible and agreeable, and illuminate the hours 
of darkness. Soenys the beautiful fiction of the Grecian mind, 
«— -which appears as the poetic dream or prophetic glance of a 
gifted race, who felt ihe mysterious truth they were yet unable to 
describe. Phaeton and Apollo are only other foreshadowings of 
the creative energies which dwell in the glorious centre of our 
universe. The poetiy of the Hellenic people ascended above the 
littleness of merely human action, and sought to interpret the great 
truths of creation* Eeflective, they could not but see that some 
mysterious powers were at work around them ; imaginative, they 
gave to fine idealizations the government of those inexplicable 
phenomena. Modem science has shown what vastly important 
offices the solar rays execute, and that the principles discovered 
in a sunbeam are indeed the exdters oi organic life, and the 
disposers of inorganic form. 

It must not be forgotten that we have already alluded to a 
speculation which supposes this actinic influence to be diffused 
through all nature, to be indeed the element to which chemical 
force in all its forms is to be referred, and that it is merely ex- 
cited by the solar rays. This hypothesis receives some support 
from the very peculiar manner in which chemical action once set 
up is carried on, independent of all extraneous excitement, after 
the first disturbance has been produced. If any of the salts of 
gold are exposed in connection with organic matter, as on paper, 
to sunshine for a moment, an action is begun, which goes on 
unceasingly in the dark, until the gold is reduced to its most 
simple state. (^) The same thing occurs with chromate of 
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silver, some of tbe salts of mercoiy, argentine preparations 
mixed with protosnlpbate of iron or gallic acid, and some other 
chemical combinations. These progressire influences point to 
some law not yet discovered, which seems to Imk this radiant 
actinism with the chemical agent existing in matter. 

This problem also connects itself with another class of ftcts 
which, although due in all probability, to a great extent, to calo- 
rific radiations, and hence known under the general term of 
Thermography, appear to involve both chemical and electrical 
exdtation. From the investigations of Moser and of others we 
learn the very extraordinary &ot, that even inanimate masses act 
and react upon each other by the influence of some dark radia- 
tions, and seem to exchange some of the peculiarities which they 
possess. This appears generally in the curious experiments 
which have been referred to, as confined merely to fl)rm or 
structure. Thus an engraved plate will give to a polished surface 
of metal or glass placed near it, after a very little time, a neat, 
distinct image of itself; that is, produce such a structural dis- 
turbance as will occafflon the plate to receive vapour differently 
over those spaces opposite to the parts in cameo or in intaglio, 
from what it does over the opposite. If a piece of wood is used 
instead of a medal, there will, by similar treatment, be produced 
a true picture of the wood, even to the representation of its 
fibres. (^) 

It has also been found that chemical decomposition is pro- 
duced by the mere juxtaposition of different bodies. If iodide 
of gold or silver, perfectly pure, is placed upon a plate of glass, 
and a plate of copper covered with mercury is suspended over 
them, a gradual decomposition of those salts will take place, 
iodide of mercury will be formed, and the gold or alvcr salts will 
be reduced to a finely divided metallic state. (^) 

X body, whose powers of radiating heat are low, being 
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timight near. another whose radktiiig powers aro more exten- 
sive, will, in the coarse of a short time, undergo snoh an amount 
of moleoolar ^Usturbanee, as will eflfoct « complete change in the 
amingement of its sorfaee, and an imptession of Ae body having 
the highest radiating powers will be made upon the other. This 
impression is dormant, bat may be developed under the influence 
•f Tapont, or of oxidation. (^) A body, such as charcoal, ci low 
oondactii^ power, being placed near another, such as copper, 
which is a good condaotor, will, in a very short time, produce, in 
like manner, an impression of itself upon the metal plate. Thus 
any two bodies, whcse condnoting or radiating powers are dish 
simikr, being brought ne«r each other, will occasion a molecular 
disturbance, or impress the one with the image of the other. 
However small the differenoe may be, tm effect is perceived, and 
that of Uie most extraordinary kind, giving rise to the impression 
of actual images upon eaeh sur&oe exposed. It is thus that a 
print on paper may be copied on metal, by merely suspending it 
near a well-polished plate of silver or co^r for a few days. The 
white and black lines radiate veiy differently ; consequently, an 
effect is produced on the bright metal in the parts corresponding 
to the black lines, dissimilar to that which takes place opposite 
to the white portions of the paper ; and, on the application of 
vapour, a true image of the one is found impressed upon 
the other. ("«) 

Bodies which are in diftront electrical states aot upon each 
other in an analogous manner. Thus arsenic, which is highly 
electro-negative, will, when placed near a piece of electro- 
positive copper, readily impart to its sur&ee an impression of 
itself; and so in like manner will other bodies, if in unlike 
conditions. Eveiy substance physically different, (it signifies not 
whether as it regards colour, chemical composition, mechanical 
structure, calorific condition, or electrical state,) has a power of 
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nidiatioii by wbich a senable change oan be prodaoed in a body 
differently canstitated. 

Fable has told as that the magi<»aas of the East possessed 
mirrors in which they could at will produce images of the absent. 
Science now shows us that representations qmte sufficient to de- 
ceive the credulous can be produced on the sur&ce of polished 
metals without difficulty. A highly polished plate of steel may 
be impressed with images of any kind, which would remain 
invirible, the polished sur&ce not being in the least degree affect- 
ed, as it regards its reflecting powers ; but that, by breathing 
over it, these dormant images would develop themselves, and 
fade away agun as the condensed moisture evaporated from the 
BurfiM3e.(^) 

These, which are but a few of a series of results of as striking 
a character, serve to convince us that nature is unceasingly at 
work, that every atom is possessed of properties by which it 
influences every other atom in the universe, and that a most 
important class of natural phenomena appear, in the present state 
of our knowledge, to connect themselves directly with the radi- 
ant forces. 

The alchemists observed that a change took place in chloride 
of ffllver exposed to sunshine. Wedgwood first took advantage 
of that discovery to copy pictures. Niepce pursued a physical 
investigation of the curious change, and found that all bodies were 
influenced by this principle radiated from the sun. Daguerre 
produced eflfects from the solar pencil which no artist could 
approach to ; and Talbot and others extended the application. 
Herschel took up the inquiry ; and he, witih his usual power of 
inductive search and philosophical deductions, presented the 
world with a class of discoveries which show how vast a field of 
investigation is opening for the younger races of mankind, — a 
field in which a true spirit may reap the highest reward in the 
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discovery of new fiicts, and to wbich we must look for a farther 
development of those great powers with which we have already 
some slight acquaintance, and for the discoveiy of higher influ- 
ences which are not yet dreamed of in our philosophy. 

If music, with its mysteries of sound, 
Giyes to the human heart a heavenward feeling ; 

The beauty and the grandeur which is found 

Wrapping in lustre this fair earth around, 
Creation's wond'rous harmonies revealing, 
And to the soul in truth's strong tongue appealing, 

With all the magic of those secret powers, 
• Which, mingling with the lovely band of light, 

The sun in constant undulation showers 

To mould the crystals, and to shape the flowers. 
Or give to matter the immortal might 

Of an embracing soul — should, from this sod. 

Exalt our aspirations all to God. 
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CHAPTER IX. 

ELECTRICITY. 

Discovery of Electrical Force — DifiEused through all Matter — What is 
Electricity ? — Theories — Frictional Electricity — Conducting Power 
of Bodies -— Hypothesis of two Fluids — Electrical Images — Oal- 
Tanic Electricity— Effects on Animals — Chemistry of Galyanic Bat- 
tery — Electricity of a Drop of Water — Electro-chemical Action — 
Electrical Currents — Thermo-Electricity — Animal Electricity — 
Gymnotus — Torpedo — Atmospheric Electricity — Lightning Con- 
ductors—Earth's Magnetism due to Electrical Currents — Influence 
on Vitality — Animal and Vegetable Developments — Terrestrial Cur- 
rent — Electricity of Mineral Veins — Electrotype — Influence of 
Heat, light, and Actinism on Electrical Phenomena. 

If a piece of amber, electrum, is briskly rubbed, it acquires the 
property of attracting light bodies. This curious power excited 
the attention of Thales of Miletus ; and from the investigations 
of this Ghrecian philosopher we must date our knowledge of one 
of the most important of the natural forces — Electricity. 

If an inquiring mind had not been led to ask why does this 
curious natural production attract a feather, the present age, in 
all probability, would not have been in possession of the means 
by which it is enabled to transmit intelligence with a rapidity 
which is only excelled by that of the " swift-winged messengers 
of thought." To this age of application, a striking lesson does 
this amber teach. Modem utility would regard Thales as a mad- 
man. Holding a piece of yellow resin in his hand, rubbing it, 
and then picking up bits of down, or catching floating feathers, 
the old Greek would have appeared a very imbecile, and the cui 
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bono generation would have laugbed at his silly labours. Bnt 
when he announced to his school that this amber held a sonl, or 
essence, which was awakened by friction, and went forth from 
the body in which it previously lay dormant, and brought back 
the small particles floating around it, he gave to the world the 
first hint of a great truth which has advanced our knowledge of 
physical phenomena in a marvellous manner, and ministered to the 
refinements and to the necesdties of civilization. Each phenom. 
enon which presents itself to us, however simple it may appear to 
be, is an outward expression of some internal truth, the inter- 
pretation of which is only to be arrived at by assiduous study, 
but which, once discovered, directs the way to new knowledge, 
and gives to man a great increase of power. 

Electricity appears to be diffused throngh all nature ; and it 
is, beyond all doubt, one of the most important of the physical 
forces, in the great phenomena of creation. In the thunder- 
cloud, swelling with destruction, it resides, ready to launch its 
darts and shake the earth with its explosions : in the aerial 
undulations, silent and unseen, it passes, giving the necessary 
excitement to the organisms around which it floats. The rain- 
drop — the earth-girdling ocean — and the ringing waters of the 
hill-bom river hold locked this mighty force. The solid rocks 
— the tenacious clays which rest upon them — the snperficial 
soils — and the incoherent sands give us evidence of the presence 
of this agency ; and in the organic world, whether animal or 
vegetable, the excitement of electrical force is always to be de- 
tected. 

In the solar radiations, we have perhaps the prime mover of 

this power. In our atmosphere, when calm and cloudless, a 

great ocean of light, or when sombre with the mighty aspect of 

the dire tornado, we can constantly detect the struggle between 

13 
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tbe elements of matter to maintain an equilibrium of electrical 
force. 

Diffused throughout matter, electricity is ever active ; but it 
must be remembered that, although it is eyidently a necessary 
agent in all the operations of nature, it is not the agent to 
which everything unknown is to be referred. Doubtless the in- 
fluence of this force b more extensive than we have yet discov- 
ered ; but that is an indolent philosophy which refers, without 
examination, every mysterious phenomenon to the influence of 
electricity. 

The question, what is electricity ? has ever perplexed, and 
still continues to agitate, the world of science. While one sot 
of experimentalists have endeavoured to explain the phenomena 
they have witnessed, upon the theory that electricity is a pecu- 
liar subtile fluid pervading matter, and possessing singular pow- 
ers of attraction and repulsion, another party And themselves 
compelled to regard the phenomena as giving evidence of the 
action of two fluids which are always in opposite states : while 
again, electricity has been considered by others as, like the at- 
traction of gravitation, a mere property of matter. (^) Certain 
it is that, in the manifestations of electrical phenomena, we have, 
as it appears, the evidence of two conditions of force ; but in the 
states of positive or negative^ of vitreous or resinous electricity, 
we have a familiar explanation in the assumption of some current 
flowing into or out of the material body, — of some principle 
which is ever active in maintaining its equilibrium, which, conse- 
quently, must act in two directions, and always exhibit that 
duality which is a striking characteristic of this subtile agent. 
It is a curious, and it should be an instructive fact, that each of 
the three theories of electricity is capable of proof, and has, in- 
deed, been most ably supported by the rigorous analysis of 
mathematical When we remember that some of the most en- 
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lightenod invesiigators of tbis and the past age have severally 
maintained, in the most able manner, these dissimilar views, we 
should hesitate before we pronounce an opinion upon the cause 
or causes of the very complicated phenomena of electrical force. 

Although we discover, in all the processes of nature, the 
manifestations of this principle offeree in its characteristic condi* 
tions, it will be necessary, before we regard the great phenomena, 
to examine the known sources from which we can evoke the 
mighty power of electricity. If we rub a piece of glass or resin, 
we readily render this agent active ; these substances appear, by 
this excitement, to become surrounded by an attractive or a 
repellent atmosphere. Let us rub a strip of writing paper with 
Indian rubber, or a strip of Gutta Percha with the fingers in the 
dark^ and we have the manifestation of several curious phenome- 
na. We have a peculiar attracting power ; we have a luminous 
discharge in the shape of a spark ; and we have very sensible 
evidence of muscular disturbance produced by applying the 
knuckle to the surface of the material. In each case we have 
the development of the same power. 

Every substance in nature is an electric, and, if so disposed 
that its electricity may not fly off as it is developed, we may, by 
friction, manifest its presence, and, indeed, measure its quan- 
tity or its force. All bodies are not, however, equally good 
electrics ; shell-lac, amber, resins, sulphur, and glass, exhibiting 
more powerfully the phenomena of frictional or mechanical 
electricity than the metals, charcoal, or plumbago. Solid bodies 
allow this peculiar principle to pass along them also in very 
difl^rent degrees. Thus electricity travels readily through cop- 
per and most other metals, platinum being the worst metallic 
conductor. It also passes through living animals and vegetables, 
smoke, vapour, rarefied air, and moist earth ; but it is obstructed 
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by resins and glass, paper when dry, oils, and dry metallio 
oxides, and in a very powerful manner by Gutta Percha.(^) 

If, therefore, we place an electric upon any of those non-con- 
ducting bodies, the air around being well-dried, we are enabled 
to gather a large quantity of the force for the production of any 
particular effect. Taking advantage of ^ this fact, arrangements 
are made for the accumulation and liberation at pleasure of any 
amount of electricity. 

A Leyden phial, so called from its inventor, Muschenbrook, 
having resided at Leyden, is merely a glass bottle lined within 
and without, to within a few inches of the top, with a metal coat- 
ing. If a wire or chain, carrying an electric current, is allowed 
to dip to the bottom of the bottle, the inner coat of the jar 
becomes charged, or gathers an excess, whilst the outer one is 
in its natural condition — one is said to be in a, positive, and the 
other in a negative state. If the two coatings are now connected 
by a good conductor, as a piece of copper wire, passing from one 
to the other, the outside to the inside, a discharge, arising from 
the establishment of the equilibrium of the two coatings, takes 
place; and, if the connection is made through the medium of 
our bodies, we are sensible of a severe disturbance of the nerv- 
ous ffjrstem. 

The cause of the conducting and non-conducting powers of 
bodies we know not ; they bear some relation to theur conducting 
powers for caloric ; but they are not in obedience to the same laws. 
When we consider that resin, a comparatively soft body, in 
which, consequently, cohesive attraction is not very strong, is an 
imperfect conductor, and that copper, in which cohesion is much 
more powerful, is a good conductor, we may be disposed to con- 
sider that it is regulated by the closer approximation of the 
particles of matter. But in platinum the corpuscular arrange- 
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ment must be much more dense than it is in copper, and yet it 
is, compared with it, a very bad conductor. (}^) 

We have now learned that we may, by friction, excite tiie 
electricity in a vitreous substance ; but it must not be forgotten 
that we cannot increase the quantity which is^ under ordinary 
conditions, natural to the electric ; to do so, we must in some 
way establish a channel of communication with the earth, from 
which, through the medium we excite, we draw our supply. 
We have the means of confining this mighty force, and by placing 
conducting bodies upon insulating ones, wo may retain a consid- 
erable quantity of it, in the same way as with the Leyden jar : 
but there is a constant effort to maintain a balance of conditions, 
and the body in which we have accumulated any extraordinary 
quantity soon returns to its natural state. 

A very simple means may be adopted of showing what is 
thought to be one of the many evidences in favour of two elec- 
tricities. If the wire carrying the current flowing from the 
maclune, is passed over paper covered with nitrate of silver, it 
produces no change upon it ; but if the wire which conveys the 
current to the instrument, when it is excited, is passed over the • 
same paper, the silver salt is decomposed. (^) We may, how- 
ever, explain this result in a satisfactory manner, upon the 
hypothesis that the decomposition is produced by the abstraction 
or addition of electricity, rather than by any phyncal difference 
in the fluid itself. By this frictional electricity we may produce 
curious molecular disturbances, and give rise to re-arrangements,, 
which have been called ^' electrical images," in glass, in stone, 
and in the apparently less tractable metals ; — again, many of 
the great natural phenomena may be imitated by &miliar 
arrangements of electrics. Q^) 

Yoltaic electricity, as the active force produced by chemical 
change is commonly calledi in honour of the illustrious Yolta, is 
13» 
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now to be considered. It differs from frictional electrioity only 
in this : the electricity developed by friction of the glass plate or 
cylinder of the electrical machine, is a discharge with a sort of 
explosion, whereas that which is generated by chemical action is 
a steady flowing current. We may compare one to the ignition 
of a mass of gunpowder at once, and the other to the same quan- 
tity spread out into a very prolonged train. 

There are numerous ways in which we may excite the phe* 
nomena of Yoltaism, but in all of them the decomposition of one 
of the compounds employed appears to be necessary. This is 
the case in the arrangements of galvanic batteries, in which two 
dissimilar metals, zinc and copper, silver and platinum, or the 
like, are immersed in fluids ; the zinc or the silver are gradu* 
ally converted into soluble salts, which are dissolved, whilst the 
copper or platinum are protected from any action. The most 
simple manner of illustrating the development of this electricity 
is by placing a piece of silver on the tongue, and a piece of zinc 
or lead underneath it. No effect will be observed so long as the 
two metals are kept asunder, but when their hands are brought 
together, a slight sensation will pass through the tongue, and a 
saline taste be distinguished by the palate. 

This, the germ of the most striking of the sciences, was noticed 
by Sulzer, fifty years before Galvani observed the convulsions 
in the limbs of ^gs, when excited by the action of dissimilar 
metals ; but the former paid little attention to the phenomenon, 
and the discovery led to no results. 

When Ghilvani's observant mind was directed to the remarka- 
ble fact that the mere contact of two dissimilar metals with the 
moist snr&ce of living muscles produced convulsions, there was 
an awakening in the soul of that philosopher to a great funda- 
mental truth, which was nurtured by him, tried and tested, and 
preserved to work its marvels for future ages. 
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Althougli the world of science looks back to Yolta as the man 
who gave the first true interpretation of this discovery, yet the 
ordinary world will never disconnect this important branch of 
physical science from the name of Galvani, and chemical electri- 
city in all its forms will for ever be known under the familiar 
name of Galvanism. 

Let us examine its phenomena, in its most simple phases : — 

If we place a live flounder upon a piece of zinc, put a shilling 
on its back, and then touch both metals with the ends of the 
same metallio wire, the fish will exhibit painful convulsions. 
The zmc becomes oxidized by the separation of oxygen from the 
fluid on the surface, with which it is in contact, whilst hydrogen 
gas is liberated at the other metal. How the impulse which is 
derived from the zinc is transmitted through the body of the 
animal, or the tongue, to the silver or copper is the next con- 
aderation. 

We can only understand this upon the supposition that a 
series of impulses are communicated in the most rapid manner 
along the connecting line ; the idea of a current, although the 
term is commonly employed, tends to convey an imperfect im- 
pression to the mind. It would seem rather that a disturb- 
ance throughout the entire circuit is at once set up by a 
series of vibrations or impulses communicated from particle to 
particle, and along the strange network of nerves. One set of 
chemical elements have a tendency to develope themselves at 
that point where vibration is first communicated to the mass from 
a better conductor than it is, and another set at the point where 
it passes from the body to a better conductor than itself. The 
cause of this is to be sought for in the laws which regulate mole* 
cular constitution — by which chemical affinity is disturbed, — 
and a new attractive force exerted, in obedience to which the 
vital energy is itself agitated. We must not, however, forget 
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tbat it is probable after all, altbongli not yet sosoeptible of proof, 
that the electricity does nothing more than disturb or qoicken 
the unknown principles upon which chemical and vital phenom- 
ena depend, being, indeed, a secondary agent. (^^) 

Notwithstanding our long acquaintance with the phenomena of 
Galvanism, there are but few who entertain a correct idea of the 
enormous amount of electricity which is necessary to the condi- 
tions of matter as we know it. To Faraday we are indebted for 
the first clear view of the most remarkable deduction of Science. 
He has proved, by a series of exceedingly beautiful and most 
conclusive experiments, that if the electrical power which holds 
a grain of water in combination, or which causes a grain of 
oxygen and hydrogen to unite in the right proportions to form 
water, could be collected and thrown into the condition of a Voltaic 
current, it would be exactly the quantity required to produce the 
decomposition of that grain of water, or the liberation of its 
elements, hydrogen and oxygen. (^^) 

By direct experiment it has been proved that one equivalent 
of zinc in a Voltaic arrangement evolves such a quantity of 
electricity in the form of a current, as, passing through water, 
will decompose exactly one equivalent of that fluid. The law 
has been thus expressed : The electricity which decomposes, 
and that which is evolved by the decomposition of a certain 
quantity of matter, are alike. The equivalent weights of bodies 
are those quantities of them which contain equal quantities of 
electricity ; electricity determining the equivalent number, be- 
cause it determines the combining force. (^^) 

The same elegant and correct experimentalist has shown that 
zinc and platinum wires, one-eighteenth of an inch in diameter, 
and about half an inch long, dipped into dilute sulphuric acid, 
so weak that it is not sensibly sour to the tongue, will evolve 
more electricity in one-twentieth of a minute than is given by 
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thirty turns of a large and powerful plate electrical machine in 
full action, a quantity which, if passed through the head of a cat, 
is sufficient to kill it as hy a flash of lightning. Pursuing this 
interesting inquiry yet further, it is found that a single gAdn of 
water contains as much electricity as could be accumulated in 
800,000 Leyden jars, each requiring thirty turns of the large 
machine of the Eoyal Institution to charge it, — a quantity equal 
to that which is developed from a charged thunder^doud. ** Yet 
we have it under perfect command, — can evolve, direct, and 
employ it at pleasure ; and when it has performed its full work 
of electrolization, it has only separated the elements of a single 
grain of water." 

It has been argued by many that the realities of science will 
not admit of anything like a poetic view without degrading its 
high office ; that poetry, being the imaginative side of nature, 
has nothing in common with the facts of experimental research, 
or with the philosophy which generalizes the discoveries of severe 
induction. If our science was perfect, and laid bare to our 
senses aU the secrets of the inner world ; if our philosophy was 
infallible, and always connected one fiict with another through 
a long series up to the undoubted cause of all — then poetry, in 
the sense we now use the term, would have little business with 
the truth ; it would, indeed, be lost or embodied, like the stars 
of heaven, in the brightness of a meridian sun. But to take 
our present fact as an example, how important a foundation does 
it offer upon which to build a series of thoughts, capable of lifting 
the human mind above the materialities by which it is surrounded, 
— of exalting each common nature by the refinement of its fresh 
ideas to a point higher in the scale of intelligence, — of quick- 
ening every impulse of the soul, — and of giving to mankind 
most holy longings. 

What does science tell us of the drop of water? Two gases, 
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the one exciting life and quickening combustion, the other a 
highly inflammable air, are, by the influence of a combination of 
powers, brought into a liquid globe. We can, from this crystal 
sphere, evoke heat, light, electricity, and actinism in enormous 
quantities ; and beyond these we can see powers or forces, for 
which, in the poverty of our ideas and our words, we have not 
names ; and we learn that every one of these principles is en- 
gaged in maintaining the conditions of each drop of water which 
refreshes organic nature, and gives gladness to man's dwelling- 



Has poetry a nobler theme than this ? Agencies are seen like 
winged spirits of infinite power, each one working in its own 
peculiar way, and all to a common end, — to produce, under the 
guidance of omnipotent rule, the waters of the rivers and the 
seas. As the great ocean mirrors the bright heaven which over- 
spreads it, and reflects back the sunlight and the sheen of the 
midnight stars in grandeur and loveliness ; so every drop of 
water, viewed with the knowledge which science has given to us, 
sends back to the mind reflections of yet distant truths which, 
rightly followed, will lead us upwards and onwards in the tract 
of higher intelligences, — 

*' To the abodes where the eternals are." 

In the discoveries connected with electricity, we have results of 
a more tangible character than are as yet connected with the 
other physical forces ; and it does appear that this science has 
advanced our knowledge of nature and of the mysteries of crea- 
tion far more extensively than any other department of purely 
experimental inquiry. 

The phenomena of electro-chemical action are so strange that 
we must return for a moment to the consideration of the decom- 
portion of water, and the appearance of hydrogen at one pole. 
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and of oxygen at the other. It appears that some confusion of 
our ideas has arisen from the views which have been received of 
the atomic constitution of bodies. We have been accustomed to 
regard water — to take that body as an example of all — as a 
compound of two gases, hydrogen and oxygen ; an equivalent, 
or one atom of the first, united to an equivalent, or one atom of 
the last, forming one atom of water. This atom of water we 
regard as infinitely small ; consequently, a drop of water is made 
np of many hundreds of these combined atoms, and a pint of 
water of not less than 10,000 drops. Now, if this pint of water 
is connected with the wires of a Galvanic battery, although these 
may be some inches apart, lor every atom of oxygen liberated at 
one pole, an atom of hydrogen is set free at the other. It has 
been thought that an atom has undergone decomposition at one 
point, its oxygen being torn from it, and then there has arisen 
the difficulty of sending the atom of hydrogen through all the 
combined atoms of water across to the other pole. A series of 
decompositions and recompositions have been supposed to take 
place, and the communication of effects from particle to particle. 
An attracting power for one class of bodies has been found in 
one pole, which is repellent to another class; and the reverse 
order has been detected at the opposite pole of a Galvanic arrange- 
ment. (}^) That is, the wire which carries the current from an 
excited zinc plate, has a relation to all bodies, which is directly 
opposite to that which is exhibited by the wire conveying the 
current from, or completing the circuit with, the copper plate. 
The one, for instance, collects and carries acids and the like, 
ihe other the metallic bases. At the extremity of one Galvanic 
wire, placed into a drop of water, oxygen is always liberated ; 
and at the end of the other, necessary to complete the circuit 
wiUi the battery, hydrogen is set free. 
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It appears necessary, to a clear nnderstanding of wbat takes 
place in this experiment, that we should regard each mass, how- 
soever large, as the representative of a single atom. Nor is this 
difficult, as the following illustration will show : — 

Let us take one particle of common salt {chloride of sodium) 
weighing less than a gndn, and put it into a hundred thousand 
grains of distilled water. In a few minutes it has diffused itself 
through the whole of the fluid, and in every drop we can detect 
chlorine and soda. We cannot believe that this grain of salt has 
split itself up into a hundred thousand parts ; we conceive rather 
that the phenomenon of solution is one of diffusion. One infi- 
nitely elastic body has interpenetrated with another. 

Instead of an experiment with a pint of water, let us take our 
stand on Dover heights, and, with a gigantic battery at our 
command, place one wire into the ocean on our own shores, and 
convey the other through the air across the Channel, and let its 
extremity dip into the sea off Calais pier — the experiment is a 
practicable one — we have now an electrical circuit of which the 
British channel forms a part, and the result will be exactly the 
same as that which we may observe in a watch-glass with a 
drop of water. 

We cannot suppose that the instantaneous and simultaneous 
effect, which takes place in the water at Calais and at Dover, is 
due to anything like what we have . studied under the name 
of convection, when considering heat. We cannot conceive that 
the particle A excites the particle B next it, and so on through 
the series between the two shores ; but regarding the Channel as 
one large drop, charged with the electric principle as we know it 
to be, it is excited by undulation or tremor throughout its width, 
and we have an equivalent of oxygen thrown off on one side of 
the line, and an exact equivalent of hydrogen at the other, the 
electro-chemical influence being exerted only where the current 
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or motion is transferred from one mediam to another. (^^) The 
imperfect character of this view is freely admitted ; bat regard- 
ing this remarkable class of phenomena as due to an internal 
excitement of the body nnder decomposition, rather than to any 
external one, no other, consistent with known facts, presents 
itself by which the effect can be explained. The fiict stands as a 
truth ; the hypothesis by which it is attempted to be interpreted 
is open to doubt, and it is opposed to some favourite theories. 

Before we pass to the consideration of the other sources of 
electricity, it is important we should understand that no chemical 
or physical change, however slight it may be, can occur without 
ihe development of electrical power. If we dissolve a salt in 
water, if we mix two fluids together, if we condense a gas, or 
oonvert a fluid into vapour, electricity is disturbed, and may be 
made manifest to our senses. (^^) 

It has been shown that this power may be excited by friction 
( machine electricity) ; and it now remains to speak of the elec- 
tricity developed by heat (thermo-electricity), and the electricity 
exhibited under nervous excitement by the gymnotus and torpedo 
( animal electricity) ; magnetism and its phenomena being re- 
served for a separate connderation. 

If a bar of metal is warmed at one end and kept cool at the 
other, an electrical current circulates through the bar, and may 
be carried off by connection with any good conductor, and shown 
to exhibit the properties of ordinary electricity. The metals 
best suited for showing the effects of thermo-electricity appear to 
be bismuth and antimony. By binding two bars of these metals 
together at one end, and connecting the other ends with a Gbd- 
vanometer, it will be discovered that an electric current passes 
off through the instrument by the slightest variation of tempera- 
ture. Merely clasping the two metals, where bound together, 
with the finger and thumb, is sufficient to exhibit the phenome- 

14 
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non. By a series of sncli arrangements, wUch form wbat 
have been called thermo-electric multipliers, we obtain the 
most delicate measurers of heat with which philosophers are 
acquainted, and by the aid of which Melloni has been enabled to 
pursue his beautiful researches on radiant caloric. 

That this electricity is identical with the other forms has been 
proved by employing the current thus excited for the purpose 
of producing chemical decomposdtion, magnetism, and electric 

ligbt-O 

The phenomenon of thermo-electricity — the discovery of 
Seebeck, is another proof of the very close connection of the 
physical forces. We witness their being resolved as it were into 
each other, electricity producing heat, and heat again electricity ; 
and it is from these curious results that the arguments in favour 
of their intimate relations and actual identity have been drawn. 
It will, however, be found to be the best philosophy to regard 
these forces as dissimilar, until we are enabled to prove them to 
be only modified forms of one principle or power. At the same 
time it must not be forgotten that in natural operations we in- 
variably find the combined action of several forces producing a 
single phenomenon. The important &ct to be particularly 
regarded is, that we have evidence that every substance which is 
unequally heated, becomes the source of this very remarkable 
form of electricity. (^^) 

There exist a few fishes gifted with the very extraordinary 
power of producing electrical phenomena by an effort of mus- 
cular or nervous energy. 

The Gymnotus electricus, or electrical eel, and the Haia tor' 
pedo, a species of ray, are the most remarkable. This power is, 
it would appear, given to these curious creatures for purposes of 
defence, and also for enabling them to secure their prey. The 
Gymfudus of the South American rivers, will, it is said, when 
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in fall vigour, send forib a discharge of electricity sofficienUy 
poiMrfal to knock down a man, or to sian a horse ; while it can 
destroy fishes, through a concdderable space, by exerting its 
strange artillery. (^*) 

Faraday's description of a GymnottAs'^ paralyzing and seizing 
its prey, is too graphic and important to be omitted. ' 

" The Gymnotm can stun and kill fish which are in very 
yarious positions to its own body ; but on one day, when I saw it 
eat, its action seemed to me to be peculiar. A live fish, about 
five inches in length, caught not half a minute before, was drop- 
ped into the tub. The Gymnotus instantly turned round in 
such a manner as to form a coil, inclosing the fish, the latter 
representing a diameter across it ; a shock passed, and there, in 
an instant, was the fish struck motionless, as if by lightning, in 
the midst of the waters, ite side floating to the light The 6^ym- 
notus made a turn or two, to look for its prey, which, having 
found, he bolted, and then went about searching for more. A 
second smaller fish was given him, which, being hurt in the 
conveyance, showed but little signs of life, and this he swallowed 
at once, apparently without shocking it. The coiling of the 
Gymnotus round its prey had, in this case, every appearance of 
being intentional on its part, to increase the force of the shook, 
and the action is evidently well suited for that purpose, being in 
full accordance with the well-known laws of the discharge of 
currento in masses of conducting matter ; and though the fish 
may not always put this artifice in practice, it is very probable 
he is aware of its advanteges, and may resort to it in oases of 
need-O 

Animal electricity has been proved to be of the same charac- 
ter as that derived from other sources. The shock and the spark 
are like those of the machine ; and the current from the animal, 
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cireulatiog anmnd soft iron, like Ghdvanie elecirieitj, has the 
property of rendering it magnetic. • 

It is important that we should now review these conditions of 
electrical force in connexion with the great phydcal phenomena 
of nature. 

It is sufficiently evident, from the results which have been 
examined, that all matter, whatever may be its form or condition, 
is for ever under the operation of the physical forces, in a state 
of disturbance. From the centre to the surface all is in an active 
condition : a state of mutation prevails with every created thing ; 
and science clearly shows that influences are constantly in action 
which prevent the possibility of absolute repose. 

Under the excitement of the several agencies of the solar 
beams, motion is given to all bodies by the circulation of caloric, 
and a full flow of electricity is sent around the earth to perform 
its wondrous works. The solar influences, which we regard as 
light, heat, actinism, and electricity, are active in eflTecting an 
actual change of state in matter, and in all probability in influen- 
cing the great magnetic phenomena of the world. The sunbeam 
of the morning falls on the solid earth, and its influence is felt to 
the very centre. The mountain-top catches the first ray of light, 
and its base, still wrapt in mists and darkness, is disturbed by 
the irradiating power. The crystalline gems, hidden in the dark- 
ness of the solid rock, are dependent for that form which makes 
them valued by the proud, on the influence of those radiations 
which they are one day to refract in beauty^ The metals locked 
in the chasms of the rifted rocks are, for aU their physical pecu- 
liarities, as dependent on solar influence as is the flower which 
lifts its head to the morning sun, or the bird which sings '* at 
heaven's high gate." 

Let us, then, examine how far electricity, as distinguished 
from the other powers, acts in producing any of these oflTects. 
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We find eleciaieity in the atmospbere, in which it was first 
detected by the electrical kite of Dr. Franklin, and proved to be 
identical with that principle produced by the Mction of glass. 
In the grandeur and terror of a thunder-storm many see nothing 
but manifestations of Almighty wrath. When the volleys of the 
bursting cloud are piercing the disturbed air, and the thunders 
of the discharge are pealing their dreadful notes above our he^ds, 
ihe chemical combinations of the noxious exhalations arising 
from the putrefying animal and vegetable masses of this 
earth are effected, and elements fitted fov the purpose of health 
and vegetation are formed, and brought to the ground in the 
heavy rains which usually follow these storms. Science has taught 
man this — has shown him that the ** partial evil " arising from 
the '' winged bolt " is a '' universal good;" and, more than 
this, it has armed him with the means of protecting his life and 
property from the influence of lightnings. By metallic rods, 
carried up a chimney, a tower, or a mast, we may form a 
channel through which the whole of the electricity of the most 
terrific thunder-cloud may be carried harmlessly into the earth 
or the sea ; and it is pleasing to observe that at length preju- 
dice has been overcome, and " conductors " are generally 
attached to high baildings, and to most of the ships of our 
navy.(^^) It was discovered that the devastating hailstorms of 
the south of France and Switzerland, so destructive to the vine- 
yards and crops, were accompanied by evidences of great 
electrical excitation, and it was proposed to discharge the 
electricity from the air by means of pointed metallic rods. 
These have been adopted, and, it is siud, with real advantage — 
each rod protecting an area of thirty or forty yards. Thus it is 
that science ministers to our service ; and how much more pleas- 
ing is it to contemplate the lightning, with the philosopher, as 
an agent destroying the elements of pestilence, and restoring 
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the bealibfolneES of the air we breathe, than witb the romancer, 
to see in it only the dreaded aspect of a demon of destruction. 

It has been thought, and much satisfactory evidence has been 
brought forward to support the idea, that the earth's magnetism 
is due to currents of electricity circulating around the globe ; and 
the probability also derived from experiment is, that the great 
natural current is from east to west — that, indeed, it has an 
unvarying reference to the motion of the earth in relation to the 
sun.(^) 

These terrestrial currints, as they have without doubt a very 
important bearing on the structural condition^ of the rock-forma- 
tions and the distribution of minerals, require an attentive con- 
sideration ; but we must, in the first place, examine, as far as we 
know, the influences exerted, or supposed to be exerted, by 
atmospheric electricity. 

The phenomena of vitality have, by many, been conndered as 
immediately dependent upon its influence ; and a rather extenave 
series of experiments might be quoted in support of this hypothesis. 
The researches of Philip on the action of the organs of digestion, 
when separated from their connection with the brain, but united 
with a Oalvanic battery, have been proved by Dr. Beid to be 
delusive. (^) Since, as the organ is not removed from the influ- 
ence of the living principle, it is quite evident that the electricity 
here is only secondary to some more important power. Mat- 
teucci has endeavoured to show that nervous action is due to elec- 
tric excitation, and that electricity may be made a measurer of 
nervous irritability. (^) There can be no doubt that a peculiar 
susceptibility to excitement exists in some systems, and this is 
very strikingly shown in the disturbances produced by electric 
action ; but in the experiments. which have been brought forward 
we have only the evidence that a certain number of muscular 
contractionB are exhibited in one animal by a current of electri- 
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city, giving a measured effect by the Ypltameter, which are dif- 
ferent from those produced upon another by a current of the 
same power. An attempt has recently been made by Mr. A. 
Smee to reduce the electrical phenomena connected with vitality 
to a more exact system than had hitherto been done. We can- 
not, however, regard the attempt as successful. The author has 
trusted almost entirely to analogical reasoning, which is, in sci- 
ence, always dangerous. (^) In the development of electricity, 
from what may be particularly distinguished as the vital force, we 
see only the phenomena produced by the action of any two dis- 
similar chemical compounds upon each other. It has been 
thought that the structure of the brain presents an analogy to 
that of the galvanic battery, and the nerves represent the con- 
ducting wires. Although, however, some of the conditions ap- 
pear similar, there are many which have no representatives in 
either the mechanical structure or the physical properties of the 
brain, so far as we know it. That the brain is the centre, the 
source, and termination of sensation is very clearly proved by 
physiological investigations. That the nerves are the media by 
which all sensation is conveyed to the brain, and also the instru- 
ments by which the will exerts its power over the muscles, is 
equally well established. But to say that we have any evidence 
to support the idea, that electricity has aught to do directly with 
these great physiological phenomena would be a bold assertion, 
betraying a want of due caution on the part of the investigator. 
That electric effects are developed during the operations of vital- 
ity is most certain. Such must be the case, from the chemical 
changes taking place during respiration and digestion, and the 
mechanical movements by which, even during external repose, 
the necessary functions of the body are carried on. Whether 
electricity is the cause of these, or an effect arising from them, we 
need not stop to examine, as this is, in the present state of our 
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knowledge, a mere speculation. We have no evidence that 
electricity is an exciting power, but rather Hiat it is one of those 
forces which tend to establish the equilibrium of matter. When 
disturbed — when its equilibrium is overset — it does, in its 
efforts to regain its stability, produce most remarkable effects. 
An electrical machine must be rubbed to exhibit any force. In 
all Galvanic arrangements, even the most simple, dbsimilar bodies 
are brought together, and the latent electricity of both is dis- 
turbed ; and, even in the magnet, it is only when this takes place, 
that its electrical powers are developed. In the Gymnotus, elec- 
tricity appears to be dependent on the power of the will of the ani- 
mal ; but, even in this extraordinary fish, it is under only peculiar 
conditions that the electrical excitement takes place, and *' what 
they inflict, they feel " during the restoration of that equilibrium 
which is necessary to their healthy state. In every case, there- 
fore, we see that some power far superior to this is the ultimate 
cause ; indeed, light and heat, and probably actinism, appear to 
stand superior to this principle ; and on these, in some combined 
mode of action, in all probability, sensible electricity is depend- 
ent. Beyond even these elements, largely as they are engaged 
in the organic and inorganic changes of this world, there are 
occult powers which may never be understood by finite beings. 
We advance step by step from the most solid to the most ethereal 
of materiar creations, and we examine a series of extraordinary 
effects produced by powers which we know not whether to regard 
as material or immaterial, so subtile are they. On these, it 
appears, we may exhaust our inductive investigations ~-^ we 
may discover the laws by which these principles act upon the 
grosser elements, and develop phenomena of a very remarkable 
kind which have been unobserved or misunderstood. Whether 
light, heat, and electricity are modifications of one power, or dif- 
ferent powers very closely united in action, is a problem we may 
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possibly solve ; but to know what they are, appears to be beyond 
the hopes of science ; and it were idle to dream of elucidating 
the causes bidden beyond these forces, and by which they are 
regulated in all their actions on dead or living matter. 

Daring changes in the electrical conditions of the earth and 
atmosphere, vegetables ^ve indications of being in a peculiar 
manner influenced by this power. It is proved by experiments 
that the leaves of plants are among the best conductors of eleo- 
tricity, and it has hence been inferred that it must necessarily be 
advantageous to yegetation. That vegetable growth is, equally 
with animal growth, subject to electricity, as one of its quickening 
powers, must be admitted ; but all experiments which haye been 
fairly tried with the view of stamulaUng the growth of plants by 
its agency, have given results of a negative character. (^) That 
a Galvanic arrangement may produce chemical changes in the 
soU, which may be advantageous to the plant, is probable ; but ^ 
that a plant can be brought to maturity sooner, or be made to 
develop itself more completely, under the direct action of elec- 
trical excitation, appears to be one of those dreams of science 
which will have a place amongst the marvels of alchemy and the fic- 
tions of astrology. An attentive examination of all the conditions 
necessary for the satisfactory development of the plant, will render 
it evident, that, although the ordinary electrical state of the earth 
and atmosphere must influence the processes of germination and 
yegetable growth, yet that any additional excitement must be 
destructive to them. The wonders wrought by electrical power 
are marvellous ; a magic influence is exerted by it, and naturally 
the inquiring mind is led at first to believe that electricity is the 
all-powerful principle of creation ; but a little reflection will serve 
to convince us that it is a suborbinate agent, although a powerfal 
one. 

In proceeding with our examination of the phenomena which 
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present tbemseltcs in connection with the terrestrial currents, ve 
purposely separate magnetism from those more distinct electro- 
chemical agencies, which play so important a part in the great 
cosmical operations. 

Electricity, we have already stated, flows through or inyoWes 
all bodies ; but, like heat, it appears to undergo a very remark- 
able change in becoming associated with some forms of matter. 
We have the phenomena of magnetism when an electric current 
circulates through a metallic wire, and it would appear that all 
other bodies acquire a peculiar polar condition under the influence 
of this principle, which will be explained in the next chapter. 

The rocks, taken as masses, will not conduct an electric cur^ 
rent when dry : granite, porphyry, slate, and limestone obstruct- 
ing its passage even through the smallest spaces. But all the 
metallic formations admit of its circulating with great freedom. 
This fact it must, however, be remembered does not in any way 
interfere with the hypothesis of the existence of electricity in all 
bodies, in what we must regard as its latent state, from which, 
under prescribed conditions, it may be readily liberated. Neither 
does it affect the question of circulation, in relation to the great 
diffusion of electricity which we suppose to exist through all nar 
ture, and to move in obedience to some fixed law. We know 
that through the superficial strata electric currents circulate freely, 
whether they are composed of clay, sand, or any mixture of these 
with decomposed organic matter ; indeed, that with any substance 
in a moist state they suffer no interruption. 

The electricity of mineral veins has attracted much attention, 
and numerous investigations into the phenomena which these 
metalliferous formations present, have been made firom time to 
time.("^) 

By inserting into the mass of a copper lode, in situ, a metallic 
wire, which shall be connected with a measurer of Galvanic action. 
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a wire also from the m6trament being brought into contact with 
another lode, an imi;nediate effect is generally produced, showing 
that a current is traversing through the wires from one lode to 
the other, and completing the circulation probably over the damp 
&ce of the rock in which the fissures forming the mineral veins 
exbt.("^) The currents thus detected are often sufficiently 
active to deflect a magnetic needle powerfully, to produce slowly 
electro-chemical decomposition, and to render a bar of iron mag- 
netic. These currents must not, however, be confounded with 
the great electrical movement on which we had speculated. They 
are only to be detected in those mineral formations in which there 
is evidence of chemical action going on, and the greater the 
amount of this chemical operation, the more energetic are the 
electrical currents. ("®) We have, however, very good evidence 
that these local currents have, themselves, many peculiar in- 
fluences. It not unfrequently happens that, owing to some great ^ 
disturbance of the crust of the earth, a mineral vein is dislocated, 
And one part either sinks below, or is lifted above its original 
position ; the fissures formed between the two being usually filled 
in with clay or some crystalline masses of more recent formation 
than the fissure itself. It is frequently found that these " cross 
courses,^^ as they are called in mining language, contain ores of 
a different character from those which constitute the mineral vein ; 
for instance, nickel, cobalt, and silver are not unfrequently dis- 
covered in them. When these metals are so found, they 
almost invariably occur between the ends of the dislocated lode, 
and often take a curvilinear direction, as if they were deposited 
along a line of electrical force. (^^) 

In the laboratory such an arrangement has been imitated, and 
in a mass of clay fixed between the Oalvanic elements, after a 
short period, a distinct formation of a mineral vein has taken 
place. (^^) By the action, too, of weak electrical currents, Beo- 
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querel, Crosse, and others have been suoeessfol in imitating 
nature so £» as to prodaoe crystals of quartz and other minerals. 
In addition to this evidence, in support of the electrical theory 
of the origin of mineral yeins, it can be experimentally shown 
that a schistose stmctore may be given to clays and sandstone 
by Voltaic action. C*) 

There is often a very remarkable regularity in the direction of 
mineral veins : throughout Cornwall, for instance, they most 
commonly have a bearing from the E. of N. to the W. of S. 
It has hence been inferred that they observe some relation to the 
magnetic poles of the earth. However this may be, it is certain 
that the ore in any lodes which are in a direction at right angles, 
or nearly so, to this main line, differs in character from that 
found in these, so called, east and west lodes Q^ 

The sources of chemical action in the earth are numerous. 
^ Water percolating through the soil, and finding its way to great 
depths through fissures in the rocks, carries with it oxygen and 
various salts in solution. Water again rising from below* 
whether infiltrated from the ocean or derived from other sources, 
is usually of a high temperature, and it always eontaina a large 
quantity of saline matter. Q^) By these causes alone chemical 
action must be set up. Chemical change cannot take place 
without a development of electricity : and it has been proved 
that the quantity of electricity required for the production of any 
change, is equal to that contained in the substances undergoing 
such change. Thus a constant activity is maintained withm the 
caverns of the rock by the agency of the chemical and electri- 
cal elements, and mutations on a scale of great grandeur are 
constantly taking place under some directive force, probably 
magnetism. 

The mysterious gnome, labouring — ever labouring — in the 
formation of metals, and the mischievous Cobalus of the mine, 
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are the poor creations of superstition. A vague fear is spread 
amongst great masses of mankind relativo to tbe condition of the 
dark recesses of the earth ; a certain unacknowledged awe is ex- 
perienced by many on entering a cavern, or descending a mine : 
not the natural fear arising from the peculiarity of the atoation, 
but the result of a superstitious dread, the effect of a depraved 
education, by which they have been taught to refer everything 
a little beyond their immediate comprehension to supematund 
causes. The spirit of demon worship, as well as that of hero 
worship, has passed from the early ages down to the present ; 
and under its influence the genii of the East and the demons of 
the West have preserved their traditionary powers. 

Fiction has employed itself with the utmost license in^ giving 
glowing pictures of treasures hidden in the earth's recesses. 
The caverns of Chilminar, the cave of Aladdin, the abodes of 
the spirits of the Hartz, and the dwellings of the fairies of 
England are gem-bespangled and gold-glistening vaults, to which 
man has never reached. The pictures are pleasing ; but although 
they have the elements of poetry in them, and delight the young 
mind, they want the sterling test of scientific truth ; and the 
wonderful researches of the plodding mineralogist have devel- 
oped more beauty in the caverns of the dark rock than ever 
ianey painted in her happiest moments. 

In all probability the action of the sun's rays upon tite earth's 
6arfiM9e, producing a constantly varying difference of temperature, 
and also the temperature which has been observed as existing at 
great depths, give rise to thermo-electrical currents, which may 
also play an important part in these results, which are thus 
briefly described. 

In connexion with these great natural operations, explaining 
them, and being also, to some extent, explained by them, we 
have the very beautiful aj^lication of the electrotype. 
15 
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Applying the views we have adopted to thiB beautiful discov- 
ery, (^^) the whole process by which these metallic deposits are 
produced will be yet more clearly understood. By the agency 
of the electric fluid, liberated in the Galvanic battery, a disturb- 
ance of the electricity of the solution of copper, silver, or gold, 
is produced, and the metal is deposited ; but, instead of allowing 
the acid in combination to escape, it has presented to it some of the 
flame metal as that revived, and, consequently, it combines with 
it, and this compound, being dissolved, maintains the strength of 
the solution. (^*') A system of revival is carried on at one pole, 
and one of abrasion, or more correctly speaking, of composition 
and solution, or change of state, at the other pole. By taking 
advantage of this very extraordinary power of electricity, we now 
form vessels for ornament or use, we gild or silver all kinds of 
tttensUs, and give the imperishability of metal to the most 
delicate productions of nature — her fruits, her flowers, and her 
insects ; and over the finest labours of the loom we may throw 
coatings of gold or silver to add to their elegance and durability. ' 
Nor need we employ the somewhat complex arrangement of the 
battery : we may take the steel magnet, and, by mechanically 
disturbing the electricity it contains, we can produce a current 
through copper wires, which may be used, and is extensively 
employed, for gilding and silvering. (^^) The earth itself 
may be made the battery, and by connecting wires with its 
mineral bodies, currents of electricity have been collected, and 
those currents used for the production of electrotype deposit. (^^) 

The electrotype, as it has been called, is but one of the appli- 
cations of electricity to the uses of man. This agent has recently 
been employed as the carrier of thought; and with infinite 
rapidity messages of importance, communications involving life, 
and intelligences outstripping the speed of coward crime, have 
been communicated by its means. There will be no difficulty in 
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nnderstanding the principle of this, altboagb many of the nice 
mechanical arrangements, to insure precision, are of a somewhat 
elaborate character. The entire action depends on the deflec- 
tion of a compass-needle by the passage of an electric current 
along its length. If at a given point we place a Galvanic bat- 
tery, and at twenty or one hundred miles* distance from it there 
is fixed a compass-needle, between a wire brought from and 
another returning to it, the needle will remain true to its polar 
direction so long as the wires are free from the excited battery ; 
but the moment connexion is made^ the electricity of the whole 
extent of wire is disturbed, and the needle is thrown at right 
angles to the direction of the current. Provided a connexion 
between two points can be secured, however remote they are 
ftom each other, we thus, almost instantaneously, convey any 
intelligence. The effects of an electric current would appear 
at a distance of 576,000 miles in a second of time ; and to that 
distance, and with that speed, is it possible, by Professor Wheafc- 
stone's beautiful arrangements, to convey whispers of love or 
messages of destruction. 

The enchanted horse of the Arabian magician, the magic 
carpet of the German sorcerer, were poor contrivances, compared 
with the copper wires of the electrician, by which all the diflfi- 
culties of time and the barriers of space appear to be overcome. 
In the Scandinavian mythology we find certain spiritual powers 
of evil possessed of the power of passing with imperceptible 
speed from one remote point to another, sowing the seeds of a 
common ruin amongst mankind. Such is the morbid creation of 
a wild yet highly-endowed imagination. The spirit of evil dif- 
fuses itself in a remarkable manner, and, indeed, we might 
almost assign to it the power of ubiquity ; but in reality its 
advance is progressive, and time enters as an element into any 
oalculation on its difiTusion. May we not hope that the electrical 
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lelegrapb, making, as it must do, the wbole of the eiyilized 
world enter into a communion of thought, and, through thought, 
of feeling with each other, will bind us up in one common brother- 
hood, and that, instead of misunderstanding and of misinterjpret- 
ing the deares and the designs of each other, we shall learn to 
know that such things as " natural enemies '^ do not exist ? To 
hope to break down the great barrier of language is perhaps too 
moeh ; but assuredly we may hope that, as we learn to know 
each other, as we must do when closer and more intimate relar 
tions are secured by the aids of science, the barrier of prejudiee 
may be razed to the ground, and not one stone left to stand upon 
anothw ? Our contentions, our sanguinary wars, consecrated to 
history by the baptism of blood, have in every, or in nearly 
every, instance sprung from the force of {»rejudice, or the mis- 
takes of politicians, whose minds were narrowed to the limits of 
a convention fonned for perpetuating the reign of ignorance. , 

And can anythmg be more in accordance with the s|»rit of all 
that we revere as holy, than the idea that the elements employed 
by the All Infinite in the works of physical creation shall be 
made, even in the hands of man, the ministering angels to the 
great moral redemption of the world? Associate the distant 
nations of the earth, and they will find some common ground on 
which they may unite. Mortality compels a dependence ; and 
there are charities which spring up alike in the breast of the 
savage and the civilized man, which will not be eontroUed by the 
cold usages of pride, but which, like all truths, though in a stiU 
small voice, speak more forcibly to the heart than errors can, and 
serve as Hnks in the great chain which must bind mankind in a 
common brotherhood. " None are all evil," and the best have 
much to learn of the amenities of life from him who yet lives in 
a '' state of nature," or rather from him whose sensualities have 
prevailed over his intellectual powers, but who still preserves 
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many of the noblest instincts, to give them no higher term, 
which other races, proud of their intelligence, have thrown aside. 
Time and space have hitherto prevented the accomplishment of 
this ; electricity and mechanics promise to subdue both ; and we 
have every reason to hope those powers are destined to accelerate 
the union of the vast human family. 

Electrical power has also been employed for the purpose of 
measuring time, and by its means a great number of clocks can 
be kept in a state of uniform correctness, which no other arrange- 
ment can effect. A battery being united with the chief clock, 
which is itself connected by wires with any number of clocks 
arranged at a distance from each other, has the current continually 
and regularly interrupted by the beating of the pendulum, which 
interruption is experienced by all the clocks included in the elec- 
tric circuit ; and, in accordance with this breaking and making 
contact, the indicators or hands move over the dial with a con- 
stantly uniform rate. Instead of a battery, the earth itself has 
supplied the stream of electric fluid, with which the rate of its 
revolutions have been registered with the utmost fidelity. (^) 
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CHAPTER X. 

MAGNETISM. 

Magnetic Iron— Knowledge of, by the Ancients— Artificial Magnets— 
Electro-Magnets — Electro-MagnetiBm — Magneto-Electricity ^- The- 
ories of Magnetism — The Magnetic Power of soft Iron and Steel — 
Influence of Heat on Magnetism — Terrestrial Magnetism — Declina- 
tion of the Gompasc-needle- Yariation of the Earth's Magnetism •» 
Magnetic Poles — Hansteen's Speculations — Monthly and Diurnal 
Variation — Dip and Intensity — Thermo-Magnetism — Aurora Bore- 
alis^ Magnetic Storms — Magnetic conditions of Matter— Dia-Mag- 
netism, &c. 

AosEEABLT willi the Tiew now generally receivecl, ihat magnetism 
and electricity are but modifications of one force, since they are 
found to stand to each other in the relation of cause and effect, 
the separation which is here adopted, of the conaderation of 
their seyeral phenomena, may appear inappropriate. The impor- 
tance, however, of all that is connected with magnetism, and 
the yery decided difference which is presented by true magnetic 
action, and that of frictional or chemical electricity, is so great 
that it has been thought advantageous to adopt the present 
arrangement in reviewing the influences of terrestrial magnetism 
with which science has made us acquainted. 

From a very early period a peculiar attractive force has been 
observed in some specimens of iron ore. Masses of this kind 
were found in Magnesia, and from that locality we derive the 
name ^ven to iron in its polar condition. This is confirmed by 
the following lines by Lucretius : — 
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Quod Buperest agere incipiam, quo fcedere fiat 
Katura lapis hie ut ferram ducere possit, 
Quern inagn§ta Yocant patrio de nomine Grail 
Magn^tum, quia sit patriis in finibus ortus. 

Again we find Pliny employing tbe term magiies, to express 
this singalar power. It was known to tbe ancients that the 
magnetic power of iron, and the electric property of amber, 
were not of the same character, but they were both alike regard- 
ed as miraculous. The Chinese and Arabians seem to haye 
known it at a period long before that at which Europeans became 
acquainted with either the natural loadstone or the artificial mag- 
net. Previously to a.d. 121, the magnet is distinctly mentioned 
in a Chinese dictionary ; and in a.d. 419, it is stated in another 
of their books that ships were steered south by it. (^^) 

The earliest popularly received account of its use in Europe 
is, that Yasco de Gama employed a compass in 1427, when that 
really adventurous navigator first explored tl^o Indian seas. It 
is highly probable, however, that the knowledge of its important 
use was derived from some of the Oriental n lions at a much 
earlier period. 

We have some curious descriptions of the leading stone or 
loadstone, in the works of an Iceluidic historian, who wrote in 
1068. The mariner's compass is described in a French poem of 
the date of 1181 ; and from Torfaeus's History of Norway, it 
appears to have been known to the north.em nations certainly 
in 1266. 

We have not to deal with the history of magnetic discovery ; 
but so far as it tells of the strange properties which magnets are 
found to possess, and the application of this knowledge to the 
elucidation of effects occurring in nature. 

A brown stone, in no respect presenting any thing by which it 
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Bball be distinguished from oilier rude stones around it, is found, 
upon elose exaniiuation, to possess the power of drawing light 
particles of iron towards it. If this stone is placed upon a table, 
and iron filings are thrown lightly around it, we discover thai 
these filings arrange themselves in symmetric curves, proceeding 
from some one point of the mass to some other ; and upon exam- 
ining into this, we shall find that the iron which has once clung 
to the one point, will be rejected by the other. If this stone is 
freely suspended, we shall learn also that it always comes to rest 
in a certain position, — this position being determined by these 
points, and some attractive force residing in the earth itself. 
These points we call its poles ; and it is now established that this 
rude stone is but a weak representative of our planet. Both are 
magnetic : both are so in virtue of the circulation of currents of 
electricity, or of lines of magnetic force, as seen in the curves 
formed by the iron dust, and the north pole of the one attracts 
the south pole of the other, and the contrary. By a confusion of 
terms, we speak of the north pole of a compass-needle, meaning 
that point which is always opposite to the north pole of the earth : 
the truth being that the pole of the compass-needle, which is so 
forcibly drawn to the north, is a point in a contrary state, or, as 
we may express it, really a south pole. 

There is a power of a peculiar kind, dififering from gravitation, 
or any other attracting or aggregating force with which we are 
acquainted, which exists permanently in the magnetic iron stones, 
and also in the earth. What is this power ? 

Magnetism may be produced in any bar of steel, either by 
rubbing it with a loadstone, or by placing it in a certain position 
in relation to the magnetic currents of the earth, and, by a blow 
or any other means, disturbing its molecular arrangement. This 
principle appears to involve the iron as with an atmosphere, and 
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to interpenetrate it. Bj one magnet we may indnee magneiasm 
in any number of iron bars without its losing any of its original 
force. As we have observed of the electrical forces already con- 
sidered, the magnet constantly presents two points in whioh there 
is a differeace manifested by the eireiunstance that they are 
always drawn with considerable power towards the north or south 
poles of the earth. That this power is of the same charaoter as 
Ihe electricity which we have been considering, is now most 
sadsfiictorily proved. By involving a bar of soft iron which, 
being without any magnetic power, is incapable of suslaimng 
even an ounce weight, with a coil of copper wire, through which 
a galvanic current is passing, the bar will receive, by induction 
from ihe current, an enormous aeoes^n of power, and will, so 
long as the current flows around it, sustain many hundred pounds 
weight, which, the moment the current is cheeked, fall away 
from it in obedience to the law of gravity. Thus the mere flow 
of this invisible agent around a mass of metal possessing no 
magneto-attraetive power, at once imparts this life-like influence 
to it, and as Imig as the current is maintained, the iron is endow- 
ed with this surprifflng energy. 

This discovery, which we owe to the genius of Oersted, and 
which has, indeed, given rise to a new science, electro-magnetism, 
may be regarded as one of the most important additions made 
to our knowledge. 

Current electricity is magnetic ; iron is not necessary to the 
production of magnetic phenomena, although by its presenee we 
secure a greater amount of power. The copper wires which com- 
plete the circuit of a galvanic battery will attract and hold up 
large quantities of iron filings, and the wires of the electric tele- 
graph will do the same, while any signal is being passed along 
the line. Again, all the phenomena common to galvanic eleo- 
tricity can be produced by merely disturbing the power perma- 
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nentily secured in the ordinary magnet. It was thouglit that 
magnets would become weakened by this constant disturbance of 
their magnetasm ; but, since its application to the purposes of 
manu&cture, and magneto-electricity has been employed in 
electro-plating, it has been found that continued action for more 
than a year, during which enormous quantities of electricity have 
been thus given out and employed in producing chemical decom- 
position, has not, in the slightest degree, altered their powers. 

Thus a small bar of metal is shown to be capable of pouring 
out, for any number of years, the principle upon which the phe- 
nomena of magnetism depends. 

There are, however, differences, and striking ones, between 
ordinary and magnetic electricity. In the magnet, we have a 
power at rest, and in the electrical machine or galvanic battery, 
a power in motion. Ordinary electricity is stopped in its passage 
by a plate of glass, of resin, and many other substances ; but 
magnetism passes these with freedom, and influences magnetie 
bodies placed on the other side. It would appear, though we 
cannot explain how, that magnetism is due to some lateral influ- 
ence of the electric currents. A magnetic bar is placed over a 
copper wire, and it hangs steadily in the direction of its length ; 
an electric current is passed along it, and the magnet is at once 
driven to place itself across the wire. Upon this experiment, in 
the main, Ampere founds his theory of terrestrial magnetism. 
He supposes electrical currents to be traversing our globe from 
east to west, and thus, that the needle takes its direction, not 
from the terrestrial action of any flxed magnetic poles, but from 
the repulsion of these currents, as is the case with the we. 

It has been found that wires, freely suspended, along which 
currents were passing in opposite directions, revolve about eaeh 
other, or have an inclination to place themselves at right angles, 
thus exhibiting the same phenomenon as the magnet and the 
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condaoting wire. So far, the hypothesiB of Ampere leads us 
most satisfactorily. We see in the magnet one form of electricity, 
and in the machine or battery another. But why should not the 
electricity of the magnet, electricity at rest, exhibit the same 
powers as this force in motion ? 

Oersted, whose theory led him to discovery of the fact of 
electro-magnetic action, regards the phenomena of a current 
passing a wire, and its action on a needle, as evidence of two 
fluids, positive and negative, traversing in opposite directions, 
and mutually attracting and repelling, so that, indeed, they pass 
the wires in a series of spirals ; that in the magnet, by some 
peculiar property of the iron, this conflict of the currents is 
reduced to an equilibrium, and its power becomes manifested in 
its attractive force. (^^^) It is a curious fact that iron becomes 
magnetic in a superior degree to any other metal ; that steel 
permanently retains any magnetism imparted to it ; but l^at 
soft iron rapidly loses its magnetic power. This must be in 
virtue of some peculiar arrangement of the molecules, or some 
unknown physical condition of the atoms of the mass, by which 
a continued influence is retained by the steel probably in a state 
of constant internal circulation. It has, however, been shown 
that soft iron, under certain circumstances, may be made to 
retain a large amount of magnetic force. (^^) 

If a horse-shoe shaped bar of soft iron is rendered magnetic 
by the circulation of an electric current around it, while its two 
ends are united by an armature, of soft iron also, so that while 
the current is passing it is capable of supporting many hundred 
pounds weight ; it will be found that a considerable weight may 
be supported when the current is stopped, provided the armature 
is carefully kept in contact, and it will retain this power for 
many years ; but remove the connecting piece of iron and the 
bar immediately loses all its magnetism, and will not support 
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eyen the armatme itaelf. This fact appears to confirm the idea 
that magneiasm is due to the retention of eleotricity^ and that 
steel possesses the property of equalizing the opposing forces, or 
of hinding this principle to itself like an atmosphere. 

The influence of heat on magnetism is so remarkable a proof 
of the dependence of this power upon molecular arrangement, 
that it must not escape our notice. To select but one of many 
experiments by Mr. Barlow, it was found that in a bar of 
malleable iron, in which the magnetic effect when cold was 
4-30^ 0^ all polarity ceased at a white heat, that it was scarcely 
appreciable at a red heat, but that at a blood-red heat it was 

equal to + 4r0'.O 

The more closely we examine the peculiarities of the magnetic 
power, and particularly as they are presented to us in its ter- 
restrial action, the more surprising will its influences appear 
to be. We have discovered a natural cause which certainly 
exercises a very remarkable power over matter, and we have 
advanced so far in our investigations as to have leaxnt the secret 
of converting one form of force into another, or of giving tp a 
principle, produced by one agency, a new character under new 
conditions ; of changing, in fact, electricity into magnetism, and 
from magnetism again evolving many of the eflfects of electrioal 
currents. 

. If a magnetic bar is freely suspended above the earth, it 
takes, in virtue of some terrestrial power, a ^ven direction, 
which is an indication of the earth's magnetic force. Whether 
this is the consequence of the currents of electricity, which 
Ampere supposes to circulate around the globe, from east to 
west, or the result of points of attraction in the earth itself, the 
phenomenon is equally wonderful. To whatever cause we may 
refer the visible effects, it appears certain that this earth is 
composed of particles in a magnetic state, the character varying 
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with physical conditions, and tihat terrestrial magnetic force is 
the collective action of all the atoms of this planetary mass.(^'^) 
The constancy with which a magnetized needle points to a 
certain spot, renders it one of the most important instruments to 
the practical' and the scientific man. The wanderer of the ocean 
orjof the desert is enabled, without fear of error, to pursue his 
path, and in unknown regions to determine the azimuth of 
objects. The miner or the surveyor finds in the magnetic 
compass the surest guide in his labours, and the experimentalist 
is for ever studying its indications 

« True as the needle to the pole," 

has passed into a proverb among mankind, but the searching 
inquiry of modem observers has shown that the expression is 
correct only with certain limitations. There are but two lines 
on the sur&ce of the earth on which the needle points true north, 
or where the magnetio and the geographical north correspond. 
These are called Imes of no variation, or, as they have also 
been designated, agonic lines, and one is found in the eastern 
and the other in the western hemisphere. The American Hne is 
singularly regular, passing in a south-east direction from latitude 
60^ to the west of Hudson's Bay, across the American lakes, till 
it reaches the South AUantio ocean, and cuts the meridian of 
Greenwich in about 65^ south latitude. The Asiatic line of no 
variaHon is very irregular, owing, without doubt, to local inter> 
ferences ; it begins below New Holland, in latitude 60° south, it 
bends westward across the Indian ocean, and from Bombay has 
an inflection eastward through China, and then northward across 
the sea of Japan, till it reaches the latitude of 71° north, when 
it descends again southward, with an immense semicircular bend, 
which terminates in the White Sea. 

Hansteen has thought that there are two points in each h^ni- 
16 
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sphere which may be regarded as stronger and weaker poles on 
opposite sides of the poles of revolution. These are called the 
magnetic poles of the earth, or by Hansteen magnetic points of 
convergence. These four points are considered to have a regular 
motion round the globe, the two northern ones from west to east, 
and the two southern ones from east to west. By the assistasce 
of recorded observations, Hansteen has calculated the periods of 
these revolutions to be as follows : — 

The weakest north pole in 860 years. 
The strongest north pole in 1746 years. 
The weakest south pole in 1904 years. 
The strongest south pole in 4609 years. 

There are some points of speculation on which Hansteen has 
ventured which have been smiled at as fanciful ; but they may 
rather indicate an amount of knowledge in the Brahminical and 
Egyptian priesthood, beyond what we are usually disposed to 
allow them, and prove that their observations of nature had led 
to an appreciation of some of the most remarkable harmonies of 
this mysterious creation. 

The above terms are exceedingly near 864, 1246, 1728, 
4320, and those numbers are equal to the mystic number of the 
Indians, Greeks, and Egyptians, 432 multiplied by 2, 3, 4, and 
10. On these the ancients believed a certain combination ci 
natural events to depend, and, according to Brahminical mythol- 
ogy, the duration of the world is divided into four periods, each 
of 432,000 years. Again, the sun's mean distance from the 
earth is 216 radii of the sun, and the moon's mean distance 216 
radii of the moon, each the half of 432. Proceeding with this 
very curious examination, Hansteen says, 60 multiplied by 432 
equals 25,920, the smallest number divisible at once by all the 
four periods of magnetic revolution, and hence the shortest time 
in which the four poles can complete a cycle, and return to their 
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present state, and which coincides exactly with the period in 
which the precession of the equinoxes will amownt to a compile 
circle, reckoning the precession at a degree in seventy-two 
years. O 

When we consider the phenomena of terrestrial magnetism 
carefolly, it appears to indicate the action of a power external to 
the earth itself, and» as Hansteen conceives, having its origin 
from the action of the sun, heating, illaminating, and producing 
a magnetic tension, in the same manner as it produces electrical 
excitation and actino-chemical action. 

The movements of these magnetic poles have been the subject 
of extenedve and most accurate observation in every quarter of 
the globe. In London, daring 1657-1662, there was no mag- 
netic variation ; the agonic line passing through it. The variation 
steadily increased, until, in. 1815, it amounted to 24^ 15' 17^', 
nnoe which time it has been slowly diminishing. In addition to 
this great variation, we have a regular annual change dependent 
on the position of the sun, in reference to the ecyiinootial and 
solstitial points, which has been discovered by Cassini, and in- 
vestigated by Arago and others. Also a diurnal variation, which 
movement appears to commence early in the morning, moving 
eastward until half-past seven, 'X.H., when it begins to move 
westward until two, p. h., when it agun returns to the east, and 
in the course of the night reaches the point from which it started 
twenty-four hours before. 

We have also remarkable variations in what is termed the dip 
of the needle. It is well known that a piece of unmagnetiased 
steel, if carefully suspended by its centre, will swing in a perfectly 
horizontal position, but, if we magnetize this bar, it will im- 
mediately be drawn downwards at one end. The force of the 
earth's polarity, attracting the dissimilar pole, has caused it to 
dip. 
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There is, in the neighboarhood of the earth's equator, Mid 
cutting it at four points, an irregular curve, called the magnetic 
equator, or aclinic line, where the needle balances itself horizon-^ 
tally. As we proceed from this line towards either pole the dip 
increases, until, at the north and south poles, the needle takes a 
vertical position. The intensity of the earth's magnetism is also 
fbund to vary with the position, and to increase in a proportion 
which corresponds very closely with the dip. But the intemity 
is not a function of tiie dip, and the lines of equal intensity 
isodynamic lines, are not parallel to those of equal dtp. 
We have already remarked on tiie diurnal variation of tiie 
declination of the needle ; we know, also, tiiat there exists a 
regular monthly and daily change in the magnetic intensity. 
The greatest monthly change appears when the earth is in its 
perihelion and aphelion, in the months of December and June, ^— 
a maxinram then occurs ; and about the time of the equinoxes, 
when our planet is at the greatest mean distance foom the sun, a 
minimum is detected. (^^^) 

The daily variation of intensity is greatest in tiie summer, ai^ 
least in the winter. The magnetism is generally found to be at 
a minimum when the sun is near the meridian ; its intensity 
increasing until about six o'clock, when it again diminishes. (^^) 

What striking evidence all these well^ascertsdned facts give oi 
the dependence of terrestrial magnetism on solar influence ; and 
in further confirmation of this view, we find a very remarkable 
c(»ncidence between the Mnes of equal temperature — the isother- 
mal lines, and those of equal dip and magnetic intensity. 

Sir David Brewster first pointed out that tiiere were, in the 
northern hemisphere, two poles of maximum cold ; these poles 
agree with the magnetic points of convergence ; and the line of 
maximum heat, which does not run parallel to the earth's equator, 
is nearly coincident with that of magnetic power. Since Seebeck 
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has shown US that electrical and magneto-electrical. phenomena 
can be produced by the action of heat upon metallic bars, we have, 
perhaps, approached towards some faint appreciation of the manner 
in which the solar calorific radiations may, acting on the surface 
of our planet, produce electri<»l and magnetic effects. If we 
suppose that the sun produces a disturbance of the earth's elec- 
tricity along any given line, in all directions at right angles to 
that line, we shall have magnetic polarity induced. (^^) That 
such a disturbance is regularly produced every time the sun rises 
has been sufficiently proved by many observers. 

In 1750, Wargentin noticed that a very remarkable display of 
Aurora borecUis was the cause of a peculiar disturbance of the 
magnetic needle; and Dr. Dalton(^^) was the first to show that 
the luminous rays of the Aurora are always parallel to the dip*, 
ping-needle, and that the Auroral arches cross the magnetic 
meridian at right angles. Hansteen and Arago have attended 
with particular care to these influences of the Northern Lights, 
' and the results of their observations are : --^ 

\,That as the crown of the Aurora quits the usual place, the 
dipping-needle mov6s several degrees forward : 

That the part of the sky where all the beams of the Aurora 
unite* is that to which a magnetic needle directs itself, when 
suspended by its centre of gravity : 

That the concentric circles, which show themselves previously 
to the luminous beams, rest upon two pointp 6f the horizon equally 
distant from the magnetic meridian ; and that the most elevated 
• points of each arch are exactly in this meridian. (^™) 

It does not appea^ that every Aurora disturbs ihe magnetic 
needle ; as Captains Foster and Back both describe very splen- 
did displays of the phenomena, which did not appear to prodace 
any tremor or deviation upon their instruments. (^) 
' Some sudden and violent movements have beeni.from time to 
16» 
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time observed to take place in snapended magnets ; and rinoe 
the establishment of magnetic observatories in almost every part 
of the globe, a very remarkable coinddence in the time of these 
agitations has been detected. They are frequently connected 
Tfith the appearance of Aurora borealis : but this is not con« 
- stantly the case. These disturbances have been called magneUe 
stormi; and over the Asiatic and European continent, the 
Islands of the Atlantic and the western hemisphere, tiiey have 
been proved to be simultaneous. 

From observations made at Petersburg by Kupfo, and de^ 
ductions drawn from the observations obtained by the Magnetic 
Association, it appears probable that tiiese storms arise from a 
sudden displacement in the magnetic lines of the eartii's surCsoe ; 
but the cause to which this may be due is still to be sought for. 

In the brief and hasty sketch which has been given of the phe- 
nomena of terrestrial magnetism, enough has been stated to show 
the vast importance of this very remarkable power in the great 
operations of nature. We are gradually reducing the immense 
mass of recorded observations, and arriving at certain laws which 
are found to prevail. Still, the origin of the force, wheth^ it is 
stricdy electrical, whether it is the circulation of magnetic fluid, 
or whether it is merely a peculiar excitation of some property of 
matter, are questions which are open for investigation. 

In the beautiful Aurora borealis, witii its trembling diffu- 
sive lights, and its many-coloured rays, we have what may be 
regarded as a natural exhibition of magnetism, and we appear 
to have within our grasp the explanation we desire. But we 
know not the secret of even these extraordinary meteorological 
displays. If we pass an electric spark from a machine through a 
long cylindei:, exhausted of air as far as possible, we have a mimic 
representation of the Nortiiem Lights — the same attenuation 
of brightness, almost dwindling into phosphorescence ; and by 
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the slightest change of temperature, we may produce that plajof 
colours, which is sometimes so remarkably manifested in Aurora. 
Dr. Dalton considered Aurora borealis as a magnetic phenome- 
non^ and that its beams are governed by the earih^s magnetism. 
We know that the arc of light produced between the poles of a 
powerful galTanic battery is readily deflected by a good magnet ; 
and we have lately learned that every vapour obeys the magnefio 
foree Q^) It is, therefore, yet a question for our consideration, 
does the earth's magnetism produce the peculiar phenomena of 
Aurora by acting upon electricity in a state of glow ? or have we 
evidence in this display, of the circulation of the magnetic fluid 
around our globe, manifesting itself by its action on the ferrugin- 
ous and other metallic matter, which Eusinieri has proved to exist 
in the upper regions of our atmosphere ?(^) 

The alteration in the properties of heat, >hen it passes from 
the radiant state into combination with matter, exhibits to us 
something like what we may suppose occurs in the conversion of 
magnetism into electricity or the contrary. We have a subtile 
agent, which evidently is forever busy in producing the necessary 
conditions of change in this our earth : an element to which is 
due the development of many of the most active powers of nar 
ture ; performing its part by blending with those principles which 
we have already examined ; associating itself with every form of 
matter ; and giving, as we shall presently see, in all probability, 
the first impulses to combination, and regulating the forms of 
aggregating particles. 

As electricity has the power of altering the j^ydcal conditions 
of ^'Q more adherent states of matter, thus giving rise to varia- 
tions of form and modes of combination, so gross matter appears 
to alter the character of this agency, and thus dispose it to the 
several modifications under which we have already detected its 
presence. We have mechanical electricity and ohemical eleo- 
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tricity, each performing its great work in nature; yet both 
manifesting condidons so dissimilar, that tedious research was 
necessary before they could be declared identical. Magnetic 
electricity is a third form ; all its characteristics are unlike the 
others, and the office it appears to perform in the laboratory of 
creation, is of a different order from that of the other states of 
electrical force. In the first two we have decomposing and 
recombining powers constantly manifested, in fact, their influ- 
ences are always of a chemical character; but in the last it 
appears we have only a directive power. It was thought that 
evidence had been detected of a chemical influence in magnet- 
ism ; it did appear that sometimes a retarding force was exerted, 
and often an accelerating one. This has been again denied, and 
we have arrayed in opposition to each other some of the first 
names among European experimentalists. The question is not 
yet to be regarded as settled ; but, from long and tedious inves- 
tigation, during which every old experiment has been repeated, 
and numerous new ones tried, we incline to the conclusion that 
chemical action is not directly affected by magnetic power. It 
is highly probable that magnetism may, by altering the structural 
arrangement of the surface, vary the rate of chemical action, but 
this requires confirmation. (^) 

There is no substance to be found in nature existing indepen- 
dently of magnetic power. But it influences bodies in different 
ways : one set acting with relation to magnetism, like iron, and 
arranging themselves along the line of magnetic force, — these 
are called magnetic^ bodies ; another set, of which bismuth may 
be taken as the representative, always placing themselves at right 
angles to this line, — these are called dia-magnetic bodies. (^) 
This is strikingly shown by means of powerful electro-magnets, 
but the magnetism of the earth is sufficient, under proper care, 
to exhibit the phenomena. 
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Every substance in nature is in one or other of these con* 
ditions. The rocks, forming the crust of the earth, and the 
minerals which are discoyered in them ; the surface soil, which 
is by nature prepared as the fitting habitation of the vegetable 
world, and every tree, shrub, and herb which finds root iherein, 
with their carbonaceous matter, in all its states of wood, leafy 
flower, and fruit ; the animal kingdom, from the lowest monad 
through the entire series up to man, — have, all of them, distinet^ 
Hnagnetic or dia-magnetic relations. 

" It is a curious sight," says Dr. Faraday, '' to see a piece of 
wood or of beef, or an apple, or a bottle of water repelled by a 
magnet, or, taking the leaf of a tree, and hanging it up between 
the poles, to observe it take an equatorial position. Whether 
any similar effects occur in nature among the myriads of forms 
which, upon all parts of its surface, are surrounded by air, and 
are subject to the action of lines of magnetic force, is a question 
which can only be answered by fbture observation. (^*) 

At present, the bodies which are known to exhibit decided 

f erro-magnetic properties, are the following, which stand arranged 

in the order of their intensity : — 

Iron, Nickel, Cobalt, Manganese, 
Chromiam, Cerium, Titanium, 
Palladium, Platinum, Osmium. 

It is interesting to know that there are evidences that two 
bodies which, when separate, are not magnetic, as iron is, become 
so when combined. Copper and zinc are both of the dia-magnctio 
class, but many kinds of brass are discovered to be magnetic. 

The salts of the above metals are, to a greater or less extent, 
ferro-magnetic, but they may be rendered neutral by water, 
which is a dia-magnetic body, being repelled by the magnet. It 
will be unnecessary, here, to enumerate the class of bodies which 
are dia-magnetic ; indeed, all not included in the preceding list 
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may be considered as belongiDg to tliat class, with the exception 
of gases and vapours, which appear to exist, relatively to each 
other, sometimes in the one, and sometimes in the other con- 
dition. O 

To endeavour to reduce our knowledge of these &ct8 to some 
practical explanation, we must bear in mind that particular spaces 
around the north and south geographical poles of the earth are 
regarded as circles ta which all the magnetic lines of force 
converge. Under circumstances which should prevent any 
interference with what is called ferro-magnetic action, all bodies 
coming under that class would arrange themselves, according to 
the laws which would regulate the disposition of an infinite num- 
ber of magnets, free to move within the sphere of each other's 
influence. The north and south pole of one magnetic body would 
attach itself to the south and north pole of another, until we had 
a line of magnets of any extent ; the two ends being in opposite 
states, like the magnetic points of convergence of the earth. 

Eveiy body, not ferro-magnetic, places itself across such a line 
of magnetic force as we have conceived ; and if the earth was 
made up of separate layers of ferro-magnetic and dia-magnetic 
bodies, the result would be the formation of bands at right angles 
to each other. This is not the case, by reason of the interming* 
ling of the two classes of substances. Out of the known chemical 
elements we find only about ten which are actively ferro-magnetic ; 
the others combining with these give rise to either a weaker 
state, a neutral condition, or the balance of action is turned to 
the dia-magnetic side. Sulphate of iron, for instance, is a mag- 
' netic salt'; but in solution, water being dia-magnetic, it loses its 
property. The yellow prussiate of potash is a dia-magnetic body ; 
but the red prussiate, which contains an atom less of potasmum, 
is magnetic. ("^) 

These two conditions of matter stand, therefore, in opposition ; 
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and aa every particle of any snbstanco fonnd in this earth is 
endued with the property of disposing itself according to one or 
the other of these powers, we appear to be approaching to a 
knowledge of the causes of molecular arrangements. 

We still search in the dark, and see but dimly the evidences ; 
yet it becomes almost a certainty to us, that this stone of granite, 
with its curious arrangement of felspar, mica, and quartz, pre- 
sents its peculiar condition in virtue of sqpe such law as that of 
dia-magnetism. The crystal, too, of quartz, which we break out 
of the mass, and which presents to u& a beautifully regular 
figure, is, beyond a doubt, so formed, because the atoms of silica 
are each one impelled in obedience to one of these two forms of 
magnetism to set themselves in a certain order to each other, 
which cannot be altered by human force without destruction. 

All the laws which regulate; the forms of crystals and amor- 
phous bodies are, to the greatest degree, ample. In nature, the 
end is ever attained by the easiest means ; and the complexity of 
operation, which appears sometimes to the observer, is only so 
because he cannot see the spring by which the machine is moved. 
The gaseous envelope, our atmosphere, is in a neutral state. 
Oxygen is strikingly magnetic in relation to hydrogen gas, whilst 
nitrogen is as singularly the contrary ; and the same contrasts 
present themselves when these gases are examined in 4heir rela- 
tion to common air. Thus, oxygen being magnetic, and nitrogen 
the contrary, we have an equilibrium established, and the result 
is a compound, neutral in its relations to all matter. All gases 
and vapours are found to be dia-magnetic, but in different de- 
grees. (*®) This is shown by passing a stream of the gas, ren- 
dered vifiible by a little smoke, within the influence of a powerful 
magnet. These bodies are, however, found relatively to each 
other, — or even to themselves, under different thermic condi- 
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tloDS, — to change liheir states, and pass from the magnetic to the 
dia-magnetic class. 

Heat has, however, a yery remarkahle inflaence in altering 
these relations ; and atmospheric air at one temperature is m^- 
netic to the same fluid at another : thus, hj thermic variations, 
attraction or repulsion is alternately maintained. By this it must 
be understood that a stream of air, at a temperature elevated but 
a few degrees above th^t of an atmosphere of the same kind into 
which it is passing, is deflected in one way by a magnet ; whereas, 
if the stream is colder than the bulk through which it flows, it is 
bent in another way by the same force. In this respect, magne* 
tism and dia-magnetism show equally the influence of another 
phyfflcal force, heat ; and we may safely refer many meteorological 
phenomena to similar alterations of condition in the atmosphere, 
relative to the magnetic relations of the aerial currents. 

That magnetism has a directive power is satisfactorily shown 
by the formation of crystals in the neighbourhood of the poles of 
powerful magnets. The common iron salt, the proto-sulphate, 
ordinarily crystallizes, so that the crystals unite by their faces ; 
but, when crystallizing under magnetic influence, they have a ten- 
dency to arrange themselves with regard to each otiier, so that 
the acute angle of one crystal unites with one of the faces of 
another crystal, near to, but never actually at, its obtuse angle. 
In 'addition to this, if a magnet of sufficient power is employed, 
the crystals arrange themselves in magnetic curves from one pole 
to the other, a larger crop of crystals being always formed at the 
north than at the south pole. Here we have evidence of an 
actual turning round of the crystal, in obedience to the directive 
force of the magnet ; and we have the curious circumstance of a 
difference in some way, which is not clearly ezplsdned, between 
the two opposite poles. If, instead of an iron, or a ferro-magnetic 
salt, we employ one which belongs to tiie other, or dia-magnetic 
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class, we baye a eurioas difi^eace in the result. If into a glass 
dish, fixed on the poles of a strong electro-magnet, we poar a 
quantity of a solution of nitrate of silver, and place in the fluid, 
over the poles of the magnet, two globules of mercury, by which 
that arborescent crystallization, called the Arbor IXana, is pro* 
duoed, we have the bng needle-shaped crystals of silver, arrang- 
ing themselves in curves which would cut the ordinary magnetic 
lines at right angles. (^) 

In the first example given, we have an exhibition of magnetic 
force, while in the last we have a striking display of the dia- 
magnetic power. 

The large majority of natural formations appear to group them- 
selves under the class of dia-magnetics. These bodies are thought 
to possess poles of mutual repuMon among themselves, and which 
are equally repelled by the magnetic points of convergence. 
Confining our ideas to single particles in one condition or the 
other, we shall, to a certain extent, comprehend the manifold 
results which must arise from tb^ exercise of these two modes of 
force. At present, our knowledge of the laws of magnetism is 
too limited to allow of our making any general deductions Irelar 
tive to the dispontion of the molecules of matter ; and the amount 
of observation which has been given to the great natural arrange* 
ments, is too confined to enable us to infer more than that it is 
probable many of the structural conditions of our planet are due 
to some polar action. 

Mountain ranges observe a singular uniformity of direction, 
and the cleavage planes of rock are evidently due to some all- 
pervading power. Mineral bodies are not distributed in all rocks 
indiscriminately. The primary formations hold one class of 
metalliferous ores, and the more recent ones another. This is not 
to be regarded as in any way connected with their respective 
agas, but wilih some peculiar eondition of the stone itself. The 

17 
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granite and slate rocks, at their junctions, present the required 
conditions for the deposit of copper ore, while we find the lime- 
stones have the characteristic physical state for aocnmalating lead 
ore. Again, on examining any mineral vein, it will he at once 
apparent that every particle of ore, and every crystal of qnartz or 
limestone, is disposed in a direction which indicates the exercise 
of some powerful directive agency. (^**) f ^ -^ v 

It appears, from all the results hitherto obtained, that the mag- 
netic and dia-magnetio condition of bodies is equally due to some 
peculiar property of matter in relation to the other forms of eleo- 
tricity. We have not yet arrived St. the connecting link, but it 
does not appear to be far distant. • 

We have already referred to the statement made by talented 
experimentalists, that magnetism has a powerful influence in 
either retarding or accelerating chemical combination. Beyond a 
doubt chemical action weakens the power of a magnet ; but the 
disturbance which it occfiMoBS in soft iron, on the contrary, 
appears to tend to its receiving^ magnetism more readily, and 
retaining it mora permanently. Further investigations are, how- 
ever, required, beforo we can decide satisfactorily either of these 
problems, both of which bear very strongly upon the subject we 
have just been considering. 

We have seen that heat and electricity act strangely on 
magnetic force, and that this statical power roacts upon them ; 
and thus the question naturally arises, Do light and magnetism, 
in any way act upon each other ? 

Morichiui and Carpi on the continent, and Mrs. Somerville in 
England, have stated that small bars of steel can be rondered 
magnetic by exposing them to the influence of the violet rays of 
light. These results have been denied by others, but again 
ropeated and apparently confirmed. In all probability, the rays 
to which the needles were exposed, being those in which the 
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maximum actinic power is found, prodtxced an actual chemical 
change ; and then, if the position were fiivourable, it is quite 
evident that magnetism would be imparted. Indeed, nfe have 
found this to be the case when the needles, exposed to solar 
radiations, were placed in the direction of the dip. The 
supposed magnetization of light by Faraday has already been 
mentioned. If the influence in one case is determined, it 'vrill 
render the other more probable. (^^) * 

** In seeking for a cause,' ' writes Sir David Brewster, ** ^fcich 
is capable of inducing magnetism on the ferruginous matter of 
our globe, whether we place it within the earth, or in its 
atmosphere, we are limited to the sun, to which all the magnetic 
phenomena have a distinct reference ; but, whether it acts by its 
heat, or by its light, or by specific rays, or influences of a 
magnetic nature, must be left to future inquiry. (^^) 

We have l«i!Mmt that magnetism i& not limited to ferruginous 
matter ; we know that the ancient doctrine of the upiversality of 
the property is true. Eircher, in hb strange work on Magnetism 
published in the early part of the seventeenth century (^^) — a 
carious exemplification of the most unwearying industry and 
careful experiment, combined with the influences of the credulity 
and superstitions of his age — attributes to this power nearly all 
the cosmical phenomena with which, in his time, men were 
acquainted* He curiously anticipates the use of the supposed 
virtue of magnetic traction in the curative art ; and as the titles 
of his concluding chapters sufficientiy show, he was a firm 
believer in animal magnetism. (^) But it is not with any 
reference to these that we refer to the work of Aihanadi 
Kircheri, SodetaUs Jem, Magnes^.sive de Magnetivd Arte, 
but to show that, two hundred years since, man was near a great 
truth ; but the time of its development being not yet come, it was 
allowed to sleep for more than two centuries, and the shadow of 
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nighfc had oovered it. In speaking of the ^^etable world» and 
the remarkable proeeases by which the leaf, the flower, and the 
fmit are produced, this old sage brings forward the fact of the 
dia-magnetic character of the plant, which has been, within the 
last two years, re-discovered ; and be refers the motions of the 
Sun*flower, the dosing of the Convolynlus, and the directions of 
the spiral, formed by twining plants, to this particular influence. 

This does not appear as a mere speculation, a random guess, 
but is the result of deductions from experiment and observation. 
Eireher doubtless leaped over a wide space to come to his con- 
clusion ; but the result is valuable in a twofold sense. In Uie 
first it shows us that, by neglecting a fact which is suggestive, we 
probably lose a truth of great general application ; and secondly, 
it proves to us, that, by stepping beyond the point to which in- 
ductive logic leads, and venturing on the wide sea of hypothesis, 
we are liable to sacrifice the true to the false, and thus to hinder 
the progress of human knowledge. 

Magnetism, in one or other of its -forms, is now proved to be 
universal, and to its power we are disposed to refer the structural 
conditions of all material bodies, both organic and inorganic. 
This view has scarcely yet been recognised by philosophers ; but 
as we find a certain law of polarity prevailing through every atom 
of created matter, in whatever state it may te presented to our 
senses, it is evident that every particle must have a polar and 
directing influence upon the mass, and every coherent mass be- 
comes thus only a larger and more powerful representative of the 
magnetic unit. Thus we see the speculation of Hansteen, that the 
sun is, to us, a magnetic centre, and that it is equally influenced 
by the remoter suns of the universe, (*^) is supported by legiti- 
mate deductione from experiment. 

• The great difficulty is not, however, got rid of by this specu- 
lation ; the cause by which the earth's magnetism is induced is 
only removed further off. 
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The idea of a magnetic fluid is scarcely tenable ; and the 
ferruginous nature of the Aurora borealis receives no proof 
from any investigation ; indeed, we bave procured evidence to 
show tbat iron is not at all necessary for tbe production of mag- 
netic phenomena. The leaf of a tree, a flower, fruit, a piece of 
animal muscle, glass, paper, and a variety of similar substances, 
bave the power of repelling the bar of iron which we call a mag- 
net, and of placing it at right angles to the direction of the force 
exerted by them. This is a point which must be constantly 
borne in mind, when we now consider the mysteries of magnetic 
phenomena. 

Any two masses of matter act upon each other according to this 
law, and although by the power of cohesion the force may be 
brought to an equilibrium, or to its zero point, it is never lost, 
and may be readily and rapidly manifested by any of the means 
employed for electrical excitation. 

EeasoniDg by analogy, the question fairly suggests itself: If 
two systems of inorganic atomic constitution are thus invested 
with a power of influencing each other through a distance, why 
may not two more highly developed organic systems equally, or 
to a greater extent, produce an influence in like manner? 
Upon such reasoning as this is founded the phenomenon known 
as Animal Magnetism. There is no denying the fact that one 
mass of blood, muscle, nerves, and bone, must, magnetically, in- 
fluence another similar mass. This is, however, something totally 
different from that abnormal condition, which is produced through 
some peculiar and, as yet, unexplained physiological influences. 

With the mysterious operations of vital action, the forces which 
we have been considering have nothing whatever in common. 
The powers which are employed in the arrangements of matter 
are, notwithstanding their nibtile oharacter, of far too gPMe a 
nature to influence the psychological mysteries which present 
themselves to the observant mind. It cannot be denied that, by 
IT 
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pladng a person of even moderate nervous sensibility in the con- 
strained position, and under the unnatural influence of the mind, • 
as acquired by the disciples of Mesmer, a torpor affecting only 
certain senses is produced. The recognized and undoubted phe- 
nomena are in the highest degree curious — but in these the 
marvels of charlatanry and ignorance are not included ; — and 
the explanation must be sought for by the physiologist among 
those hidden principles upon which depends all human sensa- 
tion. C«) 

Man, like a magician, stands upon a promontory, and, surveying 
the great ocean of the physical forces which involve the material 
creation, and produce that infinite variety of phenomena which is 
unceasingly exhibited around him, he extends the wand of intel- 
ligence, and bids the '* spirits of the vasty deep" obey his 
evocation. 

The phenomena recur — the great processes of creation go 
on — the external manifestations of omnipotent power proceed — 
effects are again and again produced ; but the current of force 
passes undulating onwards ; — and to the proud bidding of the 
evocator there is no reply but the echo of his own vain voice, 
which is lost at last in the vast immensity of the unknown which 
lies beyond him. 

We see how powerfully the physical forces, in their various 

modes of action, sUr and animate this planetary mass; and 

amongst these the influence of magnetism appears as a great 

directing agent, though its origin is unknown to us. 

That power which, like a potent spirit, gpiides 
The sea-wide wanderers over distant tides. 
Inspiring confidence where'er they roam, 
By indicating still the pathway home ; — 
Through nature, quickened by the solar beam. 
Invests each atom with a force supreme, 
Directs the cayemed crystal in its birth. 
And frames the mightiest mountains of the earth ; 
Each leaf and flower by its strong law restrains. 
And mm, the monarch, binds in iron chains. 
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CHAPTER XL 

CHEMICAL FORCES. 

Nature's Chemistry — Changes produced by Chemical Combination — 
Atomic Constitution of Bodies — Laws of Combination — Combining 
Equiyalents -— Electiye Affinity — Chemical Decomposition — Com- 
pound Character of Chemical Phenomena — Catalysis, or action of 
Presence — Transformation of Organic Bodies — Organic Chemistry-— 
Constancy of Combining Proportions — The Law of Volumes, the Law 
of Substitutions, Isomeric States, &c. 

All things on the earth are the result of chemical combination. 
The operations bj which the commingling of molecules and the 
interchange of atoms take place, we can imitate in our laborato- 
ries ; but in nature they proceed by slow degrees, and, in general, 
in our hands the^y are distinguished by suddenness of action. In 
nature, chemical power is distributed over a long period of time, 
and the process of change is scarcely to be observed. By art 
we concentrate chemical force, and expend it in producing a 
change which occupies but a few hours at most. Many of the 
more striking phenomena of nature are still mysterious to us, 
and principally because we do not, or cannot, take the element 
time into calculation. The geologist is compelled to do this to 
explain the progress of the formation of the crust of the earth, 
but the chemist rarely regar4s the e^cts of time in any of his 
operations. The chemical change which within the fissure of the 
rock is slowly and idlently at work, displacing one element or 
molecule, and replacing it by another, is in all probability the 
operation of a truly geological period. Many, however, of the 
changes which are constantly going on around us, are of a much 
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more rapid character, and in these nature is no slower in manipo- 
lating than the chemist. 

Had it been that the elements which' are now fonnd in combi- 
nation could exist in a free state, the most disastrous conse- 
quences would necessarily ensue. There must have been a 
period when many of the combinations known to us were not yet 
created. Their elements either existed in other forms, or were 
uncombined. Our rocks are compounds of oxygen with certain 
peculiar metals which unite with oxygen so rapidly that incan- 
descence is produced by their combination. Let us suppose that 
any of these metals existed in purity, and that they were sud- 
denly brought into contact with water, the atmospheric air, or 
any body containing oxygen, the result would be a convulsion of 
the most fearful kind ; the entire mass of metal would glow with' 
inten^ty of heat, and the impetuosity of the action would only 
be subdued when the whole of the metal had become oxidized. 
Volcanic action has been referred to some such cause as this, but 
there is not sufficient evidence to support the «hypothesis ; in- 
deed, the opinion of roost philosophers is against it.(^^) Such 
a condition may possibly have existed at one time, but it is only 
adduced here as an example of the violent nature of some chem- 
ical changes. Potassium thrown on water bursts into flame, and 
sodium does so under certain conditions. If these, or the metals 
proper in a state of fine division, are brought into an atmosphere 
of chlorine, the intensity of chemical action is so great that they 
become incandescent, many of them glowing with extreme bril- 
liancy. If hydrogen gas is mixed with this element (chlorine) 
they unite, under the influence of light, with explosive violenee, 
giving rise to a compound, muriatic acid, which combines with 
water in an almost equally energetic manner. Nitrogen, as it 
exists in the atmosphere, mixed with oxygen, appears nearly 
inert ; with hydrogen it forms the pungent compound ammonia ; 
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with earbon, the pokonoas one cjaiiogeii, the base of Pnusic 
acid ; with chlorine it giyes rise to a fluid, oilj in its appearance, 
bat whieh« when merely touehed by an unctuous body, explodes 
more violently than any other known compound, shivering what- 
ever vessel it may be contained in, to atoms; with iodine it is 
only slightly less vident; and in oertain combinations with sil* 
ver, mercury, gold, or plattnum, it produces fiilminating com* 
pounds of the most dangerous character. (^) Here we have 
elementa harmless when uncombined, exhibiting the most de« 
structive effects if their combinations are at all disturbed ; and 
in the other case we have inert masses produced from aetive and 
injurious agents. 

We regard a certain number of substances as eUvmrUary; 
that is to say, not being able^ in the present state of our knowl- 
edge, to reduce them to any more ample condition, they are 
regarded as the elements, which by corabiflation produce the 
variety of substances. found in the three kingdoms of nature. 

We have already spoken of the stomie constitution of bodies. 
It remains now to explain the simplicity and beauty, which mark 
every variety of combination under chemical force« As a promi- 
nent and striking example, water is a compound of two gaseous 
bodies, oxygen and hydrogen : — ^ 

If we decompose water by means d galvanic electricity, wo 
shall find Uie volume of hydrogen gas to be to that of the oxy. 
gen as two to one; and if equal volumes of tiiose gases ate 
weighed, the oxygen will be found to be sixteen times heavier 
than the hydrogen. Hence we infer that water, which is 

Oxygen 100 

Hydrogen 12J 

is composed of one atom of hydrogen gas weighing 1, and an 
atom of oxygen weighing 8, relatively to the hydrogen. It is 
found in the same way that the theoretioal we^ht (tf the atom ol 
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earbon is 6, and that of nitrogen 14 ; wliilat the atom of iron ia 
28, that of silver 108, of gold 199, and that of pktinom and 
iridium each 98. (^) Now, as these are the relatiye weights of 
the ultimate indlYisiblo atom, it follows that all combinations 
must be -either atom to atom, or one to two, three, or four ; bat 
that in no case combination should take place in any other than 
a multiple proportion of the equivalent or atomic number. This 
is found to be the caso. Oxygen, for instance, combines, aa 
one, two, or three atoms : its combination presenting some multi- 
ple of its equivalent number 8, as 16, or 24 ; and in like man- 
ner the combining quantity of carbon is 6, or some multiple of 
that number. Where this law is not found strictly to agree with 
analytical results, of which some examples are aflS>rded by the 
sesquioxides, it may be attributed, without doubt, to some error 
of analysis, or in the method of calculation. 

Nothing can be more perfect than the manner in which nature 
regulates the order of combination. We have no uncertain ar- 
rangement ; but, however great the number of the atoms of one 
element may be, over those of another, those only combine which 
are required, according to this great natural law, to form the 
compound, all the others still remaining free and uncomHned. 
These results certainly appear to prove that the elementary par- 
ticles of matter are not of the same specific gravities. Do they 
not also indicate that any alteration in the specific gravity of the 
atom would give rise to a new series of compounds, thus appsr 
rently producing a new element ? Surely there is nothing irra- 
tional in the idea that the influences of heat or electricity, or of 
other powers of which as yet we know nothing, may be sufficient 
to effect such changes in the atomic constituents of this earth. 

The combination of elementary atoms takes place under the 
influence of an unknown force, which we are compelled to ex- 
press by a figurative term, affinity. In some cases it would 
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appear that the disposition of two bodies to unite, is determined 
by the electrical condition ; but a closer examination of the ques- 
tion than it is possible to enter into in this place, clearly shows 
that some physical state, not electrical, influences combining 
power. 

Chemical affinity or attraction is the peculiar disposition which 
one body has to unite with another. To give some instances in 
illustration, water and spirit combine most readily : they have a 
strong affinity for each other. Water and oil repel each other : 
they will not enter into combination. If carbonate of potash is 
added to the spirit and water in sufficient quantity, the water is 
entirely separated, and the pure spirit will float over the hy- 
drated potash. If potash is added to the oil and water, it com- 
bines with the oil, and, forming soap, they all unite together ; 
but, if we now add a little acid to the mixture, the potash will 
quit the oil to combine with the acid, and the oil will be repelled 
as before, and float on the liquid. This has been called single 
elective affinity. These elections were regarded as constant, and 
chemists drew up tables for the purpose of showing the order in 
which these decompositions occur. (^) Thus, ammonia, it was 
shown, would separate sulphuric acid from magnesia, lime re- 
move it from ammonia, potash or soda from lime, and barytes 
firom potash or soda. It was thought the inverse of this order 
would not take place, but recent researches have shown that the 
results are modified by quantity and some other conditions. 

It often happens that we have a compound action of this kind 
in which double electioi^ is indicated. Sulphate of lime and 
carbonate of ammonia in solution are brought together, and there 
results a carbonate of lime and a sulphate of ammonia. Now, in 
such cases nothing more than single elective attraction most pro- 
bably occurs, and the carbonic acid is seized by the lime, only 
after it has been set free from the ammonia, by the great affinity 
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of tibafc earth tor carbonic acid : and then, by the force of cobe- 
eion acting with the combining powers, the insoluble salt is pre* 
ci{Htai;ed.(^) There is a curious fiict in connection with this 
decomposition. If carbonate of lime and sulphate of ammonia 
are mixed together dry, and exposed, in a closed vessel, to a red 
heat, sulphate of lime and carbonate of ammonia are formed. 
These opposite effecta are not very eaaly explained. The action 
<tf boat is to set free the carbonic acid ; and it can only be by 
supposing that considerable di£ferences of temperature reverse 
the laws of affinity, that we can at all understand this phenome- 
non. That different effects result at high temperatures from 
those which prevail at low ones, recent experiments prove to us, 
particularly those of Boutigny already quoted, when considering 
decomposition by calorific action. 

Under the term chemical affinity, which we regard as a power 
acting at insennble distances, and producing a change in bodies, 
we are content to allow ourselves to believe that we have ex- 
plained the great operations of nature. We find that the veget* 
able and animal kingdoms are composed of carbon, hydrogen, 
oxygen, and nitrogen. The granite mountains of the earth, and 
its liipe^ve hills, and all its other geological formations, azo 
found to be metals and oxygen, and carbon and sulphur, disposed 
to settle in harmonious union in their proper places by chemical 
affinity. But what really is the power which combines atom to 
atom, and unites molecule to molecule ? Can we refer the proeesB 
to heat? The influence of caloric, although by changing the form 
of bodies it sometimes assists combinittion, is to be regarded 
rather as in antagonism to the power of cohesion. Can it be 
thought that electricity is active in producing the result ? Dur- 
ing every change of state, those phenomena, which we term elec- 
trical, are manifested ; but we thereby only prove the general 
diffusion of the eleotrio pzindple, and by no means abow tbafe 
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electricity is the cause of the chemical change. Can light deter- 
mine these changes ? It is evident, although light may be a dis- 
turbing power, that it cannot be the effective one ; for many of 
these decompositions and recompositions are constantly going on 
within the dark and silent depths of the earth, to which a sun- 
beam cannot reach. ' That the excitation on the surface of the 
earth, produced by solar influence, may modify those changes, is 
probable. It is, however, certain that we must regard all mani- 
festations of chemical force as dependent upon some secret' princi- 
ples common to all matter, diffused throughout the universe, but 
modified by the influences of the known imponderable elements, 
and by the mechanical force of aggregative attraction. 

Bodies undergo remarkable changes of form, and present very 
different characters, by re-actions, which are of several kinds. We 
suppose that a permanent corpuscular arrangement is maintained 
80 long as the equilibrium of the molecular forces is undisturbed. 
Water, for instance, remains unchanged so long as the balance 
of affinity is kept up between the oxygen and hydrogen of which 
it is composed, or so long as the oscillations of force between 
these combining elements are equal; but disturb this force, or set 
up a new vibratory action, as by passing an electric current 
through the water, or by presenting another body, which has the 
po^^er of re-acting upon one of these corpuscular systems, and 
the water is decomposed, the hydrogen and oxygen gases being 
sot free, or one alone is liberated, and the other combined with 
the molecules of the agent employed, and a new compound pro- 
duced. This is chemistry, by which science we discover the laws 
which regulate all combinations of matter. 

Haying reason to conclude that atom combines with atom, 

according to a system most harmoniously arranged, there can be 

no difficulty in conceiving that molecule unites with molecule, in 

a manner regulated by some equally well-marked law. It was, 

18 
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indeed, a discovery by Wenzel, of Fribourg, that, in salts whicb 
decompose each other, the acid which saturates one base will also 
saturate the other base ; and the subsequent observations of 
Bichter, of Berlin, who attached proportional numbers to the 
acids and bases, and who remarked that the neutrality of metallic 
salts does not change during the precipitation of metals by each 
other, which led the way to the atomic theory of Dr. Dalton, to 
whom entirely belongs the observation, that the equivalent of a 
compound body is the sum of the equivalents of its constituents, 
and the discovery of combination in multiple proportions. 

The elements of a molecule can take a new arrangement 
amongst themselves, without any alteration in the number of the 
atoms or of their weight, and thus give rise to a body of a dif- 
ferent form and colour, although possessing the same chemical 
constitution. This is the case with many of the organic com- 
pounds of carbon and hydrogen. 

The elements of a compound may be dissociated, and thus the 
dissimilar substances of which it is composed, set free. A piece 
of chalk exposed to heat is, by the disturbance of its molecular 
arrangement, changed in . its nature ; a gaseous body, carbonio 
acid, is liberated, and quicklime (oxide of calcium) is left behind. 
If this carbonic acid is passed through red-hot metal tubes, or 
brought in contact with heated potassium, it is resolved into oxy- 
gen and charcoal — the oxygen combining with the metal em- 
ployed. The oxide of calcium (lime), if subjected to the action 
of a powerful galvanic current, is converted into oxygen and a 
metal, calcium. Thus we learn that chalk is a body consisting of 
two compound molecules, — carbonic acid, which is formed by 
the combination of an atom of carbon with two atoms of oxygen, 
— and lime, which results from the union of an atom of calcium 
with one of oxygen. 

The condition requisite to the prodoction of chemical action 
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between bodies is that they should be dissimilar. Two ele- 
mentary atoms are placed within the spheres of each other's 
influences, and a compound molecule results. Oxygen and 
hydrogen form water, oxygen and carbon give rise to carbonic 
acid ; nitrogen and hydrogen unite to form ammonia ; and 
cholorine and hydrogen to produce hydrochloric acid. In all 
these cases an external force is required to bring the atoms 
within the range of mutual affinity : flame, the electrical spark, 
actinism, or the interposition of a third body, is necessary in 
each case. There are other examples in which no such influence 
is required. Potassium and oxygen instantly unite; chlorine, 
iodine, and bromine immediately, and with much yiolence^ 
eombine with the metals to form chlorides, iodides, or bromides. 

With compound molecules the action is in many cases equally 
active, and combination is readily effected, as in the cases of the 
acids and the oxides of some metals, which are all instances of 
the most common chemical attra<2tion. 

An elementary or simple molecule and molecules of a 
compound and different constitution are brought together, and a 
new compound results from an interchange of their atoms, whilst 
an element is liberated. These are essentially illustrations of 
analytical chemistry. Sulphuretted hydrogen is mixed with 
chlorine ; the chlorine combines with the hydrogen, and sulphur 
is set free. Potassium is put into water, and it combines with 
the oxygen of the water, whilst the hydrogen is liberated. 

Two compound molecules being brought together may de- 
compose eaeh other, and form two new compounds by an 
interchange of their elements. 

One element may be substituted for another under certain 
circumstances. Gold may be replaced by mercury ; copper will 
take the place of silver ; and iron will occasion the separation of 
copper from its solutions, the iron itself being dissolved to sup* 
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ply its place ; chlorine will substitute hydrogen in the carbu- 
rettcd hydrogen gases; and many other examples might be 
adduced. 

Chemical phenomena very frequently become of a complex 
character ; and one, two, or three of these cases may be occur- 
ring at the same time in the decomposition of one compound by 
another. Such are the general features of chemiQal science. 
Many peculiarities and remarkable phenomena connected with 
chemical investigations will be named, as the examination of the 
elementary composition of matter is proceeded with ; but, 
although the philosophy of chemical action is of the highest inter- 
est, it must not be allowed to detain us with its details, which 
are, indeed, more in accordance with a treatise on the science than 
one which professes to do no more than sketch out those prevail- 
ing and striking features which, whilst they elucidate the great 
truths of nature, are capable of being employed as suggestive 
examples of the tendency of scientific mvestigation to enlarge the 
boundaries of thought, and give a greater elevation to the mind, 
leading us from the merely mechanical process of analysis up to 
the great synthetical operations, by which all that is found upon 
the earth for its ornament or our necessities, is created. 

Among the most remarkable phenomena within the range of 
physical chemistry are those of Catalysis, or, as it has also beea 
called, i\\e'* Action of Presence. ^^ (^) There are a certain 
number of bodies known to possess the power of resolving com- 
pounds into new forms, without undergoing any change them- 
selves. Kirchoff discovered that the presence of an acid, at a 
certain temperature, converted starch into sugar and gum, no 
combination with the acid taking place. Thenard found that 
manganese, platinum, gold, and silver, and, indeed, almost any 
solid organic body, had the power of decomposing the binoxide 
of hydrogen, by their presence merely, no action being detected 
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on these bodies. Edmund Davy found tbat powdered platinum, 
moistened with alcohol, became red-hot, fired the spirit, and 
converted it into vinegar, without undergoing, itself, any chemi- 
cal change. Doebereiner next discovered that spongy platinum 
fired a current of hydrogen gas directed upon it, which, by com* 
bining with the oxygen of the air, formed water. Dulong and 
Thenard traced the same property, difiering only in degree, 
through iridium, osmium, palladium, gold, silver, and even glass. 
Further investigation has extended the number of instances; and 
it has even been found that a polished plate of platinum has tho 
power of condensing hydrogen and oxygen so forcibly upon its 
surface, that they are drawn into combination and form water, 
with a development of heat sufficient to ignite the metal. 

This power, whatever it may be, is common in both organic 
and inorganic nature, and on its important purposes Berzelius 
has the following remarks : — 

" This power gives rbe to numerous applications in organic 
nature; thus, it is only around the eyes of the potato that 
diastase exists : it is by means of catalytic power that diastase, 
and that starch, which is insoluble, is converted into sugar and 
into gum, which, being soluble, form the sap that rises in the 
germs of the potato. This evident example of the action of 
catalytic power in an organic secretion, is not, probably, the only 
one in the animal and vegetable kingdom, and it may hereafter be 
discovered that it is by an action analogous to that of catalytic 
power, that the secretion of such different bodies is produced, all 
which are supplied by the same matter, the sap in plants, and 
the blood in animals."(^) 

It is, without doubt, to this peculiar agency that we must 

attribute the abnormal actions produced in the blood of living 

animals by the addition of any gaseous miasma or putrid matter, 

of which we have, in all probability, a fearful example in the 

18» 
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recent progress of Aaatic Cholera ; therefore the study of iia 
phenomena becomes an important part of public hygiene. 

Physical research has proved to us that all bodies have peculiar 
powers, by which they condense with varying degrees of force 
gases and vapours upon their surfaces ; every body in nature, 
may, indeed, be regarded as forming its own peculiar atmosphere. 
To this power, in all probability, does catalysis belong. Different 
views have, however, prevailed on this subject, and recently Br. 
Lyon Playfair has published an elaborate Memoir, (^) in which 
he argues on the probability that the catalytic force is merely 
a modified form of chemioal affinity, exerted under peculiar 
conditions. 

Whatever may be the power producing chemical change, it 
acts in conformity with some fixed laws, and, in all its transmu- 
tations, an obedience to a most harmonious system is apparent. 

It is curious to observe the remarkable character of many of 
these natural transmutations of matter, but we must content 
ourselves with a few examples only. For instance : — 

Sugar, oxalic acid, and citric acid are very unlike each other, 
yet they are composed of the same elements j the first is used 
as a general condiment, the second a destructive poison, and the 
third a grateful and healthful acid : sugar is readily converted 
into oxalic acid, and, in the process of ripening fruits. Nature 
herself converts citric acid into sugar. Again, starch, sugar, 
and gum would scarcely be regarded as alike, yet their only 
difference is in the mode in which carbon, hydrogen, and oxygen 
combine. They are composed of the same principles, in the 
following proportions : — 





Carbon. 


Hydrogen. 


Oxygen. 


Starch . 


12 


10 


10 


Sugar 


12 


11 


11 


Gum 


12 


11 


11 
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These isomeric groups certainly indicate some law of affi- 
nity which science has not yet discovered. Similar and even 
more remarkable instances might be adduced of the same elements 
producing compounds very unlike each other ; but the above 
have been selected from their well-known characters. Indeed, 
we may state with truth that all the varieties of the vegetable 
world — their woody fibre — their acid or alkaline juices — the 
various exudations of plants — their flowers, fruit, and seeds, and 
the numerous products which, by art, they are made to yield for 
the uses of man, are, all of them, compounds of these three 
elements, differing only in the proportions in which they are 
combined with nitrogen, or in some peculiar change of state in one 
or other of the elementary principles. By the impulse given to 
organic chemistry by Liebig, our knowledge of the almost infinite 
variety of substances, in physical character exceedingly dissimilar, 
which result from the combination of oxygen, hydrogen, and 
carbon, in varying proportions, has been largely increased. And 
the science is now in that state which almost causes a regret that 
any new organic compounds should be discovered, until some 
industrious mind has undertaken the task of reducing to a good 
general classification, the immense mass of valuable matter which 
has been accumulated, but which, for all practical purposes, 
remains nearly useless and unintelligible. 

These combinations, almost infinitely varied as they are, and 
80 readily produced and multiplied as to be nearly at the will of 
the organic analyst, are not, any of them, accidental : they are 
the result of certain laws, and atom has united with atom in 
direct obedience to principles which have been through all time 
in active operation. They are unknown; the researches of 
science have not yet developed them, and the philosopher has 
not yet made his deductions. They are to be referred to some 
secret fixed principles of action, to a force which has impressed 
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upon every atom of the uDiyerse its distiDguisbing character. 
Chemistry makes us familiar with a system of order. The 
researches of analysts have proyed that every body has a particu- 
lar law of combiDatioD, to which it is bound by a mathematical 
precision ; but it is not proportional combination alone we have 
to consider. If alhtraphy is evidenced in the mineral world, it 
is certainly far more strikingly manifested in the vegetable and 
animal kingdoms. 

There are some eases in which bodies appear to combine 
without any limitatioo, as spirit of wine and water, sulphuric 
acid and water ; but these must be considered as conditions of 
mixture rather than of chemical combination. 

The composition of bodies is fixed and invariable, and a com- 
pound substance, so long as it retains its cbaraetertstic proper- 
ties, must consist of the same elements united in the same pro- 
portions. Thus, sulphuric acid is invariably composed of 16 
parts of sulphur and 24 parts of oxygen. Chalk, whether 
formed by nature or by the chemist, yields 43.71 parts of carbonic 
acid, and 56.29 parts of lime. The rust which forms upon the 
surface of iron by the action of the atmosphere, is as invariable 
in its composition as if it bad been formed by the most delicate 
adjustment of weight by the most accurate manipulator, being 28 
parts of iron and 1 2 parts of oxygen. This law is the basis of all 
chemical inquiry, all analytical investigations depending upon 
the knowledge it affords us, that we can only produce certain 
undeviating compounds as the results of our decompositions. 
We are not in a position to offer any explanation which will 
account for these constant quantities in combination. The forces 
of cohesion and elasticity have been advanced in explanation, on 
the strength of the fact that the solubility of a salt in water 
is regulated by cohesion, and that of a gas by its elasticity. 
Although it may appear that some cases of chemical combination 
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are due to these powers, — as, for instance, when the union of 
oxalic acid or sulphuric acid with lime produces an insoluble salt, 
— we cannot thus explain the constant proportions in which the 
metals, sulphur, oxygen, and similar bodies unite. 

Another law teaches us, when compound bodies combine in 
more than one proportion, that every additional union represents 
a multiple of the combining proportion of the first ; — with the 
difficulty which arises from the sab-multiple compounds we can- 
not deal ; — further research may render their laws less obscure. 
We have seen that 8 parts of oxygen unite with 1 of hydrogen 
and 14 of nitrogen. It also unites with 110 of silver, 96 of 
platinum, 40 of potassium, 36 of chlorine, and 200 parts ai 
mercury, giving rise to — 

Water 9 

Nitrous oxide 22 

Oxide of silver 118 

Oxide of platinum 104 

Potash 48 

Oxide of chlorine 44 

Oxide of mercury *. 208 

In these proportions, or in multiples of them, and in no others, 
will these bodies unite with the acids or other compounds. It 
will, of course, be understood that any other numbers may be 
adopted, provided they stand in the same relation to each 
other. (^) 

From the discovery of these harmonious arrangements was 
deduced the beautiful atomic theory to which allusion has been 
already made. Indeed, there does not appear to be any other 
way of explaining these phenomena, than by the hypothesis that 
the ultimate atoms of bodies have relatively the weights which 
we arbitrarily assign to them, as their combining quantities. 
These views are further confirmed by the fact, that gaseous 
bodies unite together by volume in very simple definite propor- 
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tions : 100 measures of hydrogen and 200 measures of ozjgen 
form water; 100 measures of oxygen and 100 measures of 
vapour of sulphur form sulphurous acid gas. Ammoniacal gas 
consists of 300 volumes of hydrogen and 100 volumes of nitro- 
gen, condensed by combination into 200 volumes ; consequently, 
we are enabled most readily to calculate the specific gravity of 
ammonidcal gas. The specific gravity of nitrogen is 0.9722, 
that of hydrogen 0.0694. Now, three volumes of hydrogen 
are equal to 0.2082, which added to 0.9722 is equal to 1.1804, 
which is exactly the specific gravity obtained by experiment. 

There is no doubt, from the generality with which this law of 
volumes prevails, that it would be found to extend through all 
substances, provided they could be rendered gaseous ; in other 
words, there is abundant proof to convince us that, throughout 
nature, the process of combination, in the most simple ratio of 
volumes, is in operation to produce all the forms of matter 
known to us. 

It has been shown, by the admirable investigations on Atomic 
Volumes of Dr. Playfair and Mr. Joule, that salts, containing 
water of crystallization, dissolve in water without increasing its 
bulk more than is due to the liquefaction of the water which 
these salts contain, the anhydrous salts taking up no space in 
solution. This was first observed by Dr. Dalton, who, in 1840, 
remarked that sugar and certain hydrated salts, on solution in 
water, increased its volume by a quantity precisely equal to 
the volume of water they held in combination. From this we 
are naturally led to conclude, that the volume occupied by a salt 
in the solid state has a certain relation to the volume of the same 
salt when in solution, and has also a fixed relation to the volume 
occupied by any other salt.' The law appears to be : the atomic 
volume of any salt whatever (anhydrous or hydrated) is a mul- 
tiple of 11, or of a number near 11, or a multiple of 9.8 (the 
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atomio Tolume of ice), or the sum of a multiple of 11 or 9.8. 
Marignac, who has also paid much attention to the subject, does 
not think these numbers absolutely correct, but approximately 

BO.O 

In addition to the laws already indicated, there appear to be 
some others of which, as yet, we have a less satisfactory knowl- 
edge, and, as a remarkable case, we may adduce the phenomena 
of substitution, or that power, which an elementary body, under 
certain conditions, possesses, of turning out one of the elements 
of a compound, and of taking its place. (^) 

Under the influence of these laws, all the combinations which 
we discover in nature take place. The metals, and oxygen, and 
sulphur, and phosphorus unite. The elements of the organic 
type, entering into the closest relations, give rise to every form 
of vegetable life. The acids, the gums, the resins, and the 
sugar which plants produce ; and those yet more complicated 
animal substances, bone, muscle, blood, and bile; albumen, 
casein, milk, with those compounds which, under the influence 
of vital power, resolve themselves into substances which are 
essential to the existence, health, and beauty of the animal 
fabric, are all dependent on these laws. But these metamor- 
phoses must be further considered in our examination of the 
more striking cases of chemical action. The changes which 
result from organic combination are so remarkable, and withal 
they show how completely the whole of the material world is in 
subjection to chemical force, and every variety of form the result 
of mysterious combination, that some particular reference to these 
metamorphoses is demanded. 

In nearly all cases of decided chemical action, every trace of 
the characters of the combining bodies disappear. We say de- 
cided chemical action, because, although sulphuric acid and 
water combine, and salts dissolve in water, we may always reoog- 
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nize tbeir presence, and therefore tbese and similar cases cannot 
be regarded as strict examples of the phenomena under consid- 
eration. 

Hydrogen and oxygen, in combining, lose their gaseous forms, 
and are condensed into a liquid — water. — Sulphuric acid is 
intensely sour and corrosive ; potash is highly caustic ; but united 
they form a salt which is neither : they appear to have destroyed 
the distinguishing characters of each other. Combined bodies 
frequently occupy less space than they did previously to combina- 
tion, of which numerous particular instances might be adduced. 
Oases in many cases undergo a remarkable condensation when 
chemically combined. In slaking lime, the water becomes solid 
in the molecules of the hydrate formed, and the intense heat 
produced arises from the liberation of that caloric which had 
been employed to keep the water liquid. When a solid passes 
into the liquid state, cold is produced by the abstraction from 
surrounding objects of the heat required to effect fluidity. An 
alteration of temperature occurs whenever chemical change takes 
place, as we have already shown, with a few slight exceptions ; 
and the disturbance caused by the exercise of the force of affinity 
frequently leads to the development of several physical powers. 

Changes of colour very frequently arise ; indeed, there does 
not appear to be any relation between the colour of a compound 
and that of its elements. Iodine is of a deep iron-gray colour ; 
its vapour is violet ; it forms beautifully white salts with the 
alkalis, a splendid red salt with mercury, and a yellow one with 
lead. The salts of iron vary from white and yellow to green 
and dark brown. Those of copper, a red metal, are of a beau- 
tiful blue and green colour, and the anhydrous sulphate is white. 

Isomorphism, which appears in a very remarkable manner 
among the organic compounds, has, under the head of crystal- 
lization, already had our attention. There is also a class of 
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bodies wbicb are said to be tsomenc ; tbat is» to haye tbe same 
composition, altbongb different in tbeir pbysical cbaracters. But 
tbe idea tbat bodies exist, wbicb, altbongb of a decidedly different 
external cbaracter, are of exactly tbe same cbemieal composition 
and pbysical condition, is not tenable ; and in nearly all tbe 
examples wbicb bave been carefully examined, a difference in 
tbe aggregate number of atoms, or in tbe mode in wbicb tbose 
atoms bave respectively arranged tbemselves, or tbat peculiar 
pbysical difference designated by tbe term aUotropy, bas been 
detected. 

Oil of turpentine* and oil of lemons bave tbe same composi- 
tion, eacb being composed of five equivalents of carbon and four 
of bydrogen. Tbese substances form, from tbe striking differ^ 
ence perceptible in tbeir external cbaracters, a good example of 
isomerism. 

The laws of organic cbemistry are not, bowcver, tbe same as 
tbose applying to inorganic combinations. Organic cbemistry is 
well defined by Liebig, as tbe cbemistry of compound radicals ; 
and under tbe influence of vitality, nature produces compounds 
wbicb bave all tbe properties of ample elements. (**) 

Wben we reflect upon tbe conditions wbicb prevail tbrougbout 
nature, witb a few of wbicb only bas science made us acquainted, 
we cannot fail to be struck witb tbe various pbases of being 
wbicb are presented to our observation, and tbe barmonious sys- 
tem upon wbicb tbey all appear to depend. 

Wben we discover tbat bodies are formed of certain deter- 
minate atoms, wbicb unite one witb anotber, according to an 
aritbmetical system, to form molecules, wbicb, combining witb 
molecules, observe a similar law, we see at once tbat all tbe bar- 
monies of cbemieal combination — tbe definite proportions, laws 
of volume, and tbe like — are but tbe necessary consequences 
of tbese simple atid guiding first principles. In tbe pursuit of 

19 
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fenitli, imrestigaton most disoover stOl fordier arnrngementoy 
which, from their perfection, may be eompared to the melodioiis 
interblending of sweet soands, and many of the apparently inde- 
terminate combinations will, beyond a doubt, be shown to be aa 
definite as any others. Bat we cannot reflect npon the &ct that 
these attMns and these molecnles are guided in their combinations 
by impulses, which we can only ezplidn by reference to human 
passions, as the term dective affimty implies, without feeling 
that an impenetrable mystery of a grand and startling character 
in its manifestations surrounds each grain of dust which is hur^ 
ried along upon ihe wind. • 

We now, habitually, speak of attraction and repuhnon — of 
the affinity and non-affinity of bodies. We are disposed, from 
the discovery of the attractive and repelling poles of electrified 
substances, to regard these powers in all cases as depending 
upon some electrical state, and we write leaniedly upon the laws 
of these finces. After all, it would be more honest to admit, 
that we know no more of the secret impulses which regulate the 
combinations of matter, than did those who satisfied themselves 
by referring all phenomena of these kinds to sympathies and an- 
tipathies : terms which have a poetic meaniDg, conveying to the 
mind, with concdderable distinctness, the fact, and giving the 
idea of a feeling — a passion — involving and directing inani- 
mate matter, similar to that which stirs the human heart, and 
certainly calculated to convey the impreadon that there is work- 
ing within all things a living principle, and pointing, indeed, to 
** the soul of the world." The animated marble of ancient story 
is ixr less wonderful than the fact, proved by investigation, that 
every atom of matter is penetrated by a principle which directs 
its movements and orders its positions, and involved by an influ- 
ence which extends, without limits, to all other atoms, and which 
determines their union, or otherwise. 
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We bave gravitation, drawing all matter to a eommon centre, 
and acting from all bodies throughout the wide regions of un- 
measured space upon all. We have cohesion, holding the par- 
tides of matter enchained, operating only at distances too minute 
fer the mathematician to measure ; and we have chemical attrac- 
tion, different from either of these, working no less mjsteriouslj 
within absolutely insensible distances, and by the exercise of its 
occult power, giving determinate and fixed forms to every kind 
of material creation. 

The spiritual bemgs, which the poet of untutored nature gave 
to the forest, to the valley, and to the mountain, to the lake, to 
the river, and to the ocean, working within their secret offioes, 
and moulding for man the beautiful or the suUime, are but the 
weak creations of a finite mind, although they have for us a 
charm which all men unconsciously obey, even when they refuse 
to confess it. They are like the result of the labours of the stat- 
uary, who, in his high dreams of love and sublimated beauty, 
creates from the marble block a figure of 'the most exquisite 
moulding which mimics life. It charms us for a season; we 
gasse and gaxe again, and ita first charms vanish ; it is ever and 
ever still the same dead heap of chiselled stone. It has not the 
power of presenting to our wearying eyes the change which life 
alone enables matter to give ; and we admit the excellence of the 
artist, but we cease to feel at his work. The poetical creations 
are pleasing, but they never affect the mind in the way in which 
the poetic realities of nature do. The sylph moistening a lily is 
a sweet dream ; but the thoughts which rise when first we learn 
that its broad and beautiful dark-green leaves, and its pure and 
delicate flower, are the results of the alchemy which changes 
gross particles of matter into symmetric forms, — of a power 
which is unceasingly at work under the guidance of light, heat, 
and electrical force, — are, after our incredulity has passed away 
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— for it is too wonderfdl for the untutored to belieye at once — 
of an exalting character. 

The flower has grown under the impulse of principles which 
have traversed to it on the beam of solar light, and nungled with 
its substance. A stone is merely a stone to most men. But 
within the interstices of the stone, and involving it like an atmo- 
sphere, are great and mighty influences, powexs which are fear- 
ful in their grander operations, and wonderful in their gentler 
developments. The stone and the flower hold, locked up in 
their recesses, the three great known forces — light, heat, and 
electricity : and, in all probability, others of a more exalted na- 
ture still, to which these powers are but subordinate agents. 
Such are the fiicts of science, which, indeed, draw " sermons 
from stones," and find *' tongues in trees." How weak are the 
creations of romance, when viewed beside the discoveries of 
science I One affords matter for meditation, and ^ves rise to 
thoughts of a most ennobling character ; the other excites fi>r & 
moment, and leaves' the mind vacant or diseased. The former, 
like the atmosphere, furnishes a constant supply of the most 
healthful matter ; the latter ^ves an unnatural stimulus, which 
compels a renevral of the same kind of excitement, to maintain 
the continuation of its pleasurable sensations. 
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CHAPTER XIL 

CHEMICAL PHENOMENA. 

Water — Its Constitaents — Oxygen — Hydrogen — Peroxide of Hydrogen 
— Physical Property of Water — Ice — Sea Water — Chlorine — Mu- 
riatic Acid — Iodine — Bromine — Compounds of Hydrogen with Car- 
bon — Combustion — Flame — Safety Lamp — Respiration — Animal 
Heat — The Atmosphere — Carbonic Acid-* Influence of Plants on 
the Air — Chemical Phenomena of Vegetation •— Compounds of Ni- 
trogen — Mineral Kingdom, &c. &c. 

Without attempting anything wbicb shall approach even to the 
character of a sketch of chemical science, we maj be allowed, in 
oar search after exalting tmths, to select such examples of the 
resnlts of combination as may serve to elucidate any of the &cts 
connected with natural phenomena. In doing this, by associating 
our examination with well-known natural objects or conditions, 
the interpretation afiS>rded by analyns will be more evident, and 
the operation of the creative forces rendered more striking and 
&miliar, particularly if at the same time we examine such phy* 
acal conditions as are allied in action, and are sufficiently expla- 
natory of important features. 

A large portion of this planet is covered by the waters of the 
ocean, of lakes and rivers. Water forms the best means of com- 
munication between remote parts of the earth. It is in every 
respect of the utmost importance to the animal and vegetable 
kingdom ; and, indeed, it is indispensable in all the great phe- 
nomena of the inorganic world. The peculiarities of saltaess or 
freshness in water are dependent upon its solvent powers. 
The waters of the ocean are saline from holding dissolved various 
saline compounds, which are received in part from, and imparted 
19» 
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also to, the marine plants. Perfectly pure water ia without taste ; 
eyen the pleasant character of freshly-drawn spring-water is due 
to the admixture of carbonic acid. It is chemically composed of 
two volumes of hydrogen gas — the lightest body known, and at 
the same time highly inflammable — united with one Tolume of 
oxygen, which excites combustion, and contmues that action, pro- 
ducing heat and light with great energy. By weight, one part 
of hydrogen is united with eight of oxygen, or in 100 parts of 
water we find 88.9 oxygen, and 11.1 of hydrogen gas. That 
two such bodies should unite to furnish the most refreshing 
beverage, and indeed the only natural drink for man and animals, 
is one of the extraordinary facts of science. Hydrogen will not 
support life — we cannot breathe it and live ; and oxygen would 
oveiHsdmulate the organic system, and, producbg a kind of codeh 
bustion, give rise to fever in the animal frame ; but, united, they 
form that drink, for a drop of which the fevered monarch would 
yield his diadem, and the deprivation of which is one of the most 
horrid calamities that can be inflicted upon any living or moving 
thing. Water appears as the antagonist principle to fire, and the 
ravages of the latter are quenched by the assuaging powers of the 
former ; yet a mixture of oxygen and hydrogen gases, in the exact 
proportion in which they form water, explodes with the utmost 
violence on the contact of flame, and, when judidously arranged, 
produces the most intense degree of heat known ; — such is the 
remarkable diflference between a merely mechanical mixture and 
a chemical combination. 

If we place in a globe, oxygen and hydrogen gases, in the 
exact proportions in which they combine to form water, they re- 
main without change of state. They appear to mix intimately ; 
and, notwithstanding the difference in the specific gravities of the 
two gases, the lighter one is diffused through the heavier in a 
curious manner, agreeably to a law which has an important bear- 
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ing on the oonditions of atmospheric phenomena. (^) The mo- 
ment, however, that an incandescent body, or the spark from an 
electric machine, is brought into contact with the mixed gases, they 
ignite, explode violently, and combine to form water. The dis- 
covery of the composition of water was thus synthetically made 
by Cavendish — its constitution having been previously theoreti- 
cally announced by Watt (^^) 

If, instead of combining oxygen and hydrogen in the propor- 
tions in which they form water, we compel the hydrogen to com- 
bine with an additional equivalent of oxygen, we have a com- 
pound possessing many properties strikingly different from water. 
This — peroxide of hydrogen, as it is called — is a colourless 
liquid, less volatile than water, having a metallic taste. It is de- 
composed at a low temperature, and, at the boiling point, the 
oxygen escapes from it with such violence, that something like an 
explosion ensues. All metals, except iron, tin, antimony, and 
tellurium, have a tendency to decompose this compound, and 
separate it into oxygen and water. Some metals are oxidized 
during the decompodtion, but gold, silver, platinum, and a few 
others, still retain their metallic state. If either silver, lead, 
mercury, gold, platinum, manganese, or cobalt, in their highest 
states of oxidation, are put into a tube, containing this peroxide 
of hydrogen, its oxygen is liberated with the rapidity of an ex- 
plosion, and so much heat is excited, that the tube becomes red 
hot These phenomena, to which we have already referred in 
noticing catalysis, are by no means satisfactorily explained, and 
the peculiar bleaching properties possessed by the peroxide of 
hydrogen, sufficiently distinguish it from water. There are few 
combinations which show more strikingly than these, the differ- 
ence arising from the chemical union of an additional atom of 
one element Similar instances are numerous in the range of 
chemioal science ; but scarcely any two exhibit such dissimilar 
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properties. Daring the ordisaiy processes of combusdoD, it has 
been long known that water is formed by the combination of the 
hydrogen of the burning body with the oxygen of the air. The 
recent researches of Schonbein have shown that this peroxide 
of hydrogen — or, as he calls it, ozone*— is produced at the 
same time, and that it is developed in a great many ways, paiv 
ticularly daring electrical changes of the atmosphere. Tfaos we 
obtain evidence that this remarkable compound, which was oon- 
sidered as a chemical cariosity merely, is diffused very generally 
through nature, and produced under a great variety of circum- 
stances. During the exdtation of an electrical machine, or the 
passage of a galvanic current through water by the oxidation of 
phosphorus, uid probably in many nmilar processes — in par- 
ticular those of combustion, and we may, therefore, infer also of 
respiration — this principle is formed. From observations which 
have been made, it would appear that, during the night, when 
the activity of plants is not excited by light, they act upon the 
atmosphere in such a way as to produce this peroxide of hydro- 
gen ; and its presence is said to be indicated by its peculiar odour 
during the early hours of morning. We are not yet acquainted 
with this body safficiently to speculate on its uses in nature ; 
without doubt, they are important, perhaps second to those of 
water only. It is probable that ozone may be the active agent 
in removing, from the atmosphere, those orgamc poisons to 
which many forms of pestilence are traceable ; and it is a curious 
fact, that a low electrical intensity, and a consequent deficiency 
of atmospheric ozone, marks the prevalence of cholera, and an 
excess distinguishes the reign of influenza. (^) 

Water is one of the most powerful chemical agents, having a 
most extensive range of affinities, entering directly into the com* 
position of a great many crystallizable bodies and organic com- 
pounds. In those cases where it is not combined as water, its 
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elemente ofl»n exist in the proportions in which water is fbrmed. 
Gam, starch, and sagar only differ in the proportions in which 
the elements of water are combined with the carbon. 

In saline combinations, and also in many organic forms, we 
most regard the water as condensed to the solid form ; that is, to 
exist as ice. We well know that, by the abstraction of heat, this 
condition is produced ; but, in chemical combinations, this change 
must be the result of the mechanical force, exerted by the power 
of the agency directing a£5nity. 

In the case of water pasdng from a liquid to a solid state, we 
have a most beautiful exemplification of the perfection of natural 
operations. Water conducts heat downwards but very slowly ; a 
mass of ice will remain undissolved but a few inches under water, 
on the sur&oe of which, ether, or any other inflammable body, is 
burning. If ice (solid water) swam beneath the sur&ce, the 
summer sun would scarcely have power to thaw it ; and thus our 
lakes and seas would be gradually converted into solid masses. 

All similar bodies contract equally during the process of cool- 
ing ; and if this applied to water, it has been thought that the result 
would be the sudden consolidation of the whole mass. A modifi- 
cation of the law has been supposed to take place to suit peculiar 
circumstances of water. Nature never modifies a law for a par- 
ticular purpose ; we must, therefore, seek to explain the action 
of the formation of ice, as we know it, by some more rational 
view. 

Water expands by heat, and contracts by cold ; consequently, 
the coldest portions of this body occupy the lower portions of the 
fluid ; but it must be remembered that these parts are warmed 
by the earth. Boss, however, states that at the depth of 1,000 
fathoms the sea has a constant temperature of 39®. Water is at 
its greatest density at 40® of Fahrenheit's thermometer ; in cool- 
ing further, it appears to expand, in the same way as if heated ; 
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and, oonBeqnenily, water, colder than this point, instead of being 
heavier, is lighter, and floats on the surface of the warmer fluid. 
It does not seem that any modification of the law is required to 
aooonnt for this phenomenon. Water eooled to 40^ still retains 
its peonliar oorpnscnlar arrangement ; bat immediately it passes 
below that temperature, it begins to dbpoee itself in such a man- 
ner ihi^ yisiUe crystals may form, the moment it reaches 32®. 
Now, if we ooncmve the particles of water at 39® to arrange them- 
selves in the manner necessary for the assumption of the solid 
form, by the particular grouping of molecules in an angular 
instead of a spheroidal shape , it will be clear, from what we know of 
the arrangement of crystals of water — ice — that they must occu- 
py a larger spaoe than when the particles are disposed, side by side, 
in minute spheres. This expansion still goes on increasing, from 
the same cause, during the formation of ice, so that its specifio 
gravity is less than that of water at any temperature below 40®. 

Water, at rest, may be cooled many degrees below the freez- 
ing point without becoming solid. This is easily effected in a 
thin glass flask ; but the moment it is agiteted, it becomes a firm 
mass. Here we have another cause aidbg in producing crystals 
of ice on the surfiioe of water, under the influence of the disturb- 
ance produced by the wind, which does not extend to any depth. 

As oxygen and hydrogen gases enter largely into other chem- 
ical compounds beside water, it is impcnrtant to consider some of 
the forms of matter into the compontion of which these demento 
enter. To examine this thoroughly, a complete essay on chem- 
ical philosophy would be necessary ; we must, therefore, be con- 
tent with referring to a few of the more remarkable instances. 

The waters of the ocean are salt ; this arises from their hold- 
ing, in solution, muriate of soda (common culinary salt) and 
other saline bodies. This muriate of soda is a compound of 
muriatic acid and soda : muriatio acid is hydrogen, combined 
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with a most remarkable gaseous body, called, from its yellow col- 
our, chlorine ; and soda, oxygen in union witb the metal sodium. 
Chlorine, in some respects, resemble oxygen ; it attacks metallic 
bodies with great energy ; and, in many cases, produces the most 
vivid incandescence, during the process of combination. It is a 
powerful bleaching agent, is destructive to animal life, and rap- 
idly changes all organic tissues. There are two other bodies in 
many respects so similar to chlorine, although the one is at the 
ordinary temperatures solid, and the other fluid, and which are 
also discovered in sea-water, or in the plants growing in it, that it 
is difficult to consider them otherwise th^n as diflferent forms of 
the same principle. These are iodine and bromine, and they both 
unite with hydrogen to form acids. The part which chlorine 
performs in nature is a great and important one. As muriate of 
soda, we may trace it in large quantities through the three king- 
doms of nature, and the universal employment of salt as a con- 
diment, indicates the importance to the animal economy of the 
elements composing it. Iodine has been traced through the 
greater number of marine plants, existing, apparentiy, as an essen- 
tial element of their constitution ; ft has been detected in some 
mineral springs, and in small quantities in the mineral kin^ 
dom.(^ Bromine is found in sea-water, although in extremely 
minute quantities, and in a few saline springs ; but we have no 
evidence to show that its uses are important in nature. 

Hydrogen, again, unites with carbon in various proportions, 
producing the most dissimilar compounds. The air evolved 
^m stagnant water, and the fire-damp of the coal mine, are both 
carburetted hydrogen ; and the gas which we employ so advan- 
tageously' for illumination, is the same, holding an additional 
quantity of carbon in suspenaon. Naphtha, and a long list of 
organic bodies, are composed of these two chemical elements. 

These combinations lead us, naturally, to the oonaderation of 
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die great chemical phenomeDa of combustion, which inyolve, 
indeed, ihe influences of all ihe phydcal powers. By the appli- 
cation of heat, we produce an intense action in a body said to be 
combustible ; it bums, -— a chemical action of the most energetic 
character is in progress, the elements which constitute the com- 
bustible body are decomposed, tiiey unite with some otiier elemen- 
tary principles, and new compounds are formed. A body bums 
— it is entirely dissipated, or it leaves a very small quantity of 
ashes behind unconsumed, but nothing is lost. Its volatile parts 
bave entered into new arrangements, tiie- form of tiie body is 
changed, but its constituent are still pkying an important pur^ 
pose in creation. 

The (incient notion l^hat fire was an empyreal element, and the 
Stahlian hypothesis of a phlogistic principle on which all the 
eflfocts of combustion depended, (^^) have both ^ven way to the 
philosophy of the unfortunate Lavoisier — which has, indeed, 
been modified in our own times — who showed that combustion 
is but the development of heat and light under the influence of 
chemical combination. 

Combustion was, at one period, thought to be always due to 
the combbation of oxygen with the body burning, but research 
has shown that vivid combustion may be produced where there 
is no oxygen. The oxidizable metals bum most energetically in 
chlorine, and some of them in the vapour of iodine and bromine, 
and many other unions take place with manifestations of incaor 
descence. Supporters of combustion were, until lately, regarded 
as bodies distinct from those undergoing combustion. For exam- 
ple, hydrogen was regarded as a combustible body, and oxygen 
as a supporter of combustion. Such an arrangement' is a most 
illogical one, since we may bum oxygen in contact with hydro- 
gen, in the same manner as we bum hydrogen in contact with 
oxygen ; and so m all the other cases, the supporter of combustion 
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may be bttrnt in an atmosphere formed of tihe, so called, combtuh 
dble. The ordinary phenomena of combustion are, however, due 
to the combination of oxygen with the body burning ; therefore 
every instance of oxidization may be regarded as a condition of 
combustion, the difference being only one of degree. 

Common iron, exposed to air and moisture, rusts, it combines 
with oxygen. Pure iron, in a state of fine division, unites with 
oxygen so readily, that it becomes incandescent, and in both 
cases oxide of iron is formed. This last instance is certainly a 
case of combustion ; but in what does it differ from the first one, 
except in the intenrnty of the action ? The cases of spontaneous 
combustion which are continually occurring, are examples of an 
analogous character to the above * Oxygen is absorbed, it enters 
more or less quickly, according to atmospheric conditions, into 
chemical combbation, heat is evolved, and eventually, the action 
continually increasing, true combustion takes place. In this 
way our cotton-ships, storehouses of flax, piles of oiled-cloth, 
sawdust, &ic., frequently ignite ; and to such an influence is to 
be attributed the destruction of two of our ships of war, a few 
years since, in Devonport naval arsenal. (^*) 

In the economic production of heat and light, we have the 
combination of hydrogen and carbon with the oxygen of common 
lur, forming water and carbonic acid. In our domestic fires we 
employ coal, which is essentially a compound of carbon and 
hydrogen, and some matters which must be regarded as impuri- 
ties ; the taper, whether of wax or tallow, is made up of the 
same bodies, differing only in their combining proportions, and, 
like coal gas, these burn as carburetted hydrogen. All these 
bodies are very inflammable, having a tendency to combine enei^ 
getically with oxygen at a certain elevation of temperature. 

We are at a loss to know how heat can cause the combination 
of those bodies. Sir Humphry Davy has shown that hydrogen 
20 
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win not bnnii nor a mixtnre of it with oxygen explode, unless 
directly influenced by a body heated so as to emit light. (^) 
May we not, therefore, conclude that the chemical action exhib- 
ited in a burning body is a development of some latent force, 
with which we are unacquainted, produced by the absorption of 
light ; — that a repukiye action at first takes place, by which the 
hydrogen and carbon are separated from each other ; — and that 
in the nascent state they are seized by the oxygen, and again 
compelled, though in the new forms of water and carbonic acid, 
to resume their chuns of combining affinity. 

Every equivalent of carbon and of hydrogen, in the burning 
body unites with two equivalents of oxygen, in strict conformity 
with the laws of combination. The flame of hydrogen, if pure, 
gives scarcely any light, but combined with the solid particles 
of carbon, it increases in brightness. The most brilliant of the 
illuminating gases is the oleflant gas, produced by the decompo- 
sition of alcohol, and it appears to be hydrogen charged with 
^bon to the point of saturation. Flame is a cone of heated 
vapour, becoming incandescent at the points of contact with the 
air, a mere superficial film only being luminous. It is evident 
that all the particles of the gas are in a state of very active 
repuluon over the surface, since flame will not pass through wire 
gauze of moderate fiaeness. Upon this discovery is founded the 
inimitable safety-lamp of Davy, by means of which the explosive 
gfUKS of a mine are harmlessly ignited within a cage of wire 
gauze. This effect has been attributed to a cooling influence of 
the. metal ; but, since the wires may be brought to a degree of 
h^t but little below redness without igniting the fire-damp, this 
does not appear to be the cause. It appears to present an exam- 
ple exactly the converse of that already stated with reference to 
the spheroidal state of water, and it affords additional evidence 
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« 

that the condition of bodies At high temperatures Is subject t6 
important physical changes. 

The researches which led to the safety-lamp may be regarded 
as among the most complete examples of correct inductive 
experiment in the range of English science, and the result is 
certainly one of the proudest achievements of physico-chemical 
research. By merely enveloping the flame of a lamp with a 
metallic gauze, the labourer in the recesses of the gloomy mine 
ttiay feel himself secure from that out{K)uring current of inflftm* 
mable gas, which has been so often the minister of death ; he 
may walk unharmed through the explosive atmosphere, and 
examine the intensity of its power, as it is wasted in trifling 
efforts within the little cage he carries. Accidents haVe been 
attributed to the ** Davy," as the lamp is called among the col- 
liers ; but they may in most cases be traced to carelessness on 
the part of those whose duty it has been to examine the lamps, 
or to the recklessness of the miners themselves. 

That curious metal, platinum, and also palladium, possesses ft 
property of maintaining a slow combustion, which has been ren- 
dered available by the discoverer of the safety-lamp to a very 
important purpose. If we take a coil of platinum wire, and, 
having made it red-hot, plunge it into an explosive atmosphere 
of carburetted hydrogen and common air, it continues to glow 
with considerable brightness, producing, by this very peculiar 
influence, a recombination of the gases, which is discovered by 
the escape of pungent acid vapours. Over the little flame of the 
safety-lamp a coil of platinum is suspended, and it is thus kept 
constantly at a red heat. If the miner becomes accidentally 
enveloped in an atmosphere of fire-damp, although the flame of 
his lamp may be extinguished, the wire continues to glow with 
sufficient brightness to light him from his danger, through the 



Digitized by VjOOQ iC 



282 Bnpi&Axiov ot ihiiulb. 

dazk winding pMBages which have been worked in (he bed of 
fossil foel. 

It is ihns that the disooveries of science, although thej may 
appear of an absfcract character, constantly, sooner or later, are 
applied to uses by which some branch of human labour is a£h 
risted, the necesnties of man's condition rclicYttd, and the amen- 
ities of life advanced. 

The respiration of animals is an instance of the same kind of 
ehemical phenomena as we disoorer in ordinary combustion. In 
the lungp the blood becomes charged with oxygen, derived &om 
the atmospheric air, with which it passes through the system, 
performing its important offices, and the blood is returned to the 
lungs with the carbonic add, formed by the separation of carbon 
from the body, which is thrown off at eveiy expiration. It will 
be quite evident that this process is similar to that of ordinary 
combustion. In man or animals, as in the burning taper, — 
which is aptly enough employed by poets as the symbol of life» 
—-we have hydrogen and carbon, with some nitrogen superadd- 
ed ; the hydrogen ahd oxygen form water under the action of the 
vital forces ; the carbon with oxygen produces carbonic acid, and, 
by a curious piocess, the nitrogen and hydrogen also combine to 
form ammonia. (^) 

All the carbon which is taken into the animal economy passes, 
in the process of time, again into the atmosphere, in combination 
with oxygen, this being effected in the body, under the eatcihfiic 
power of tissues, immediately influenced by the excitation of ner* 
vous forces, which are the direct manifestations of vital energy. 
The quantity of carbonic acid thus given out to the air is capable 
of calculation, with only a small amount of error. It appears 
that upwards of fifty ounces of carbonic acid must be given off 
from the body of a healthy man in twenty-four hours. On the 
lowest calculation, the population of London must add to the 
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atmosphere daily 4,500,000 pounds of carbonic acid. It must 
also be remembered that in every process for artificial illumina- 
tion, and in all the operations of the manufactures in which fire 
Is used, and also in our arrangements to secure domestic comfort, 
immense quantities of this gas are formed. We may, indeed, 
fairly estimate the amount, if we ascertain the quantity of wood 
and coal consumed, of all the carbon which combines with oxy- 
gen while burning, and escapes into the air, either as carbonic 
acid or carbonic oxide. The former gas, the same as that which 
accumulates in deep wells and in brewers' yats, is highly de- 
structive to life, producing very distressing symptoms, even when 
mixed with atmospheric air, in but slight excess over what it 
commonly contains. The oppressive atmosphere of crowded as- 
semblies, is in a great measure due to the increased proportion 
of carbonic acid it contains. It will be evident to every one, 
that, unless some provision was made for removing this delete- 
rious gas from the atmosphere as speedily as it formed, conse- 
quences of the most injurious character to the animal races 
would ensue. It is found, however, that the quantity in the 
atmosphere is almost constantly about one per cent. The pecu- 
liar properties of carbonic acid, in part, insure its speedy re- 
moval. It is among the heaviest of gaseous bodies, and it is 
readily absorbed by water ; consequently, floating within a short 
distance from the surface of the earth, a large quantity is dis- 
solved by the waters spread over it. A large portion is removed 
by the vegetable kingdom; indeed, the whole of that produced 
by animals, and by the processes of combustion, eventually be- 
comes part of the vegetable world, being absorbed with water by 
the roots, and separated from the air by the peculiar functions of 
the leaves. However, the property of the diffusion of gases ex- 
plains the rapid mixing of this heavy gas with the lighter atmo- 
spheric fluid. 
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Hie leaves of plants may be regarded as performiDg sunilar 
offices to the lungs of animals. They are the breathing organs. 
In ihe animal economy a certain quantity of carbon is necessarily 
retained, in combination with nitrogen and other elements, to 
form muscle ; but this eonstantly undergoing change ; — the en- 
tire system being renewed within a comparatiyely limited period. 
The conditions with plants are somewhat different. For in- 
stance, the carbon is fixed in a tree, and remains as woody fibre 
until it decays, eyen though the life of the plant may extend 
OTer many centuries. 

Animals, then, are constantly supplying carbonic acid ; plants 
are as constantly feeding on it; thus is the balance for ever 
maintained between the two kingdoms. AnoAer condition is, 
however, required to maintain for the uses of men and animals 
the necessary supply of oxygen gas. This is effected by one of 
ihose wonderful operations of nature's chemistry which must 
strike eveiy reflectbg mind with admiration. During the night 
plants breathe carbonic acid ; but there is a condition of repose 
prevailing then in their functions, and much of it passes off un- 
changed. With the first gleam of the morning sun the dormant 
organs of the plant are awakened into full action ; they decom- 
pose this carbonic acid, secrete the carbon, to form the rings of 
wood which constitute so large a part of their structure, and 
pour out pure oxygen gas to the ur. The plant is, therefore, 
an essential element in the conditions necessary for the supptnrt 
of animal life. It must necessarily follow, that the inhabitants 
of the tropes do not produce so much carbonic acid as those who 
dwell in colder regions. In the first place, their habits of lifo 
are different, and they are not under the necessity of maintaining 
animal heat by the use of artificial combustion, as are the people 
of colder climes. The vegetation of the regions of the tropics is 
much more }uxupant than that of the temperate and arctic sones. 
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Hence an additional supply of carbonic acid is required between 
the torrid zones, and a less quantity is produced by its animals. 
These cases are all met by the great aerial movements. . A cur- 
rent of warmed air, rich in oxygen, moves from the equator 
towards the poles, whilst the cooler air, charged with the excess 
of carbonic acid, sets in a constant stream towards the equator. 
By this means the most perfect equalization of the atmospheric 
conditions is preserved. 

The carbonic acid poured out from the thousand mouths of our 
fiery furnaces, — produced during the laborious toil of the hard- 
working artizan, — and exhaled from every populous town of this 
our island home— is borne away by the prevailing aerial currents 
to find its place in the pines of the Pacific Islands, the spice-trees 
of the Eastern Archipelago, and the cinchonas of Southern 
America. The plants of the valley of the Caucasus, and those 
which flourish amongst the Himalayas, equally with the less 
luxuriant vegetation of our temperate climes, are directly depen- 
dent upon man and the lower animals for their supply of food. 

If all plants were removed from the earth, animals could 
not exist. How would it be if the animal kingdom was annihi- 
lated ? — would it be possible for vegetation to continue ? This 
question is not quite so easily answered, for it has been supposed 
that during the epoch of the coal formation a luxuriant vegetation 
must have ^ne on over the earth's surface, and the evidences of 
the existence of animal life during that period are but few. It 
is supposed that the air was then charged with carbonic acid, and 
that the calamites, lepidodendra, and sigillaria were employed 
to remove it, and fit the earth for the oxygen-breathing races. 
The evidence upon these points is by no means satisfaotoiy ; and 
although at one time quite disposed to acquiesce in a conjecture 
which appears to account so beautifully for the observed geologic 
cal phenomena of carboniferous periods, we do not regard the 
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necessities for sacb a condition of the atmosphere as clearly made 
ont.(«') 

In all probability the same mutual dependence, which now 
exists between the animal and vegetable kingdoms, existed from 
the beginning of time, and will continue to do so under varying 
circumstances through the countless ages of the earth's duration. 

There is yet another very important chain of circumstances 
which bbds these two great kingdoms together. This is the 
chain of the animal necessities. A large number of races feed 
directly upon vegetables ; herbs and fruits are the only things 
from which they gain those elements required to restore the waste 
of their systems. 

These herbivorous animals, which must necessarily form fat 
and muscle from the elements of their vegetable diet, are preyed 
on by the carnivorous races ; and from these the carbon is again 
restored to the vegetable world. Sweep off from the earth the 
food of the herbivora, they must necessarily very soon perish, 
and, with tbeir dissolution, the destruction of the camivora is 
certainly insured. To illustrate this, on a small scale, it may be 
mentioned that around the coasts of Cornwall, pilchards were 
formerly caught in very great abundance, in the shallow water 
within coves, where these fish are now but rarely seen. From 
the investigations of the Messrs. Couch, whose very accurate 
observations on the Cornish fauna have placed both father and 
son amongst the most eminent of British naturalists, (^^ it 
appears that the absence of these fish is to be attributed entirely 
to the practice of the farmers, who cut the sea-weed from the rocks 
for the purpose of manuring their lands. By this they destroy 
all the small Crustacea inhabiting these immature marine forests, 
feeding on the algae, and as these, the principal food of the pil- 
chards, have perished, they seek for a substitute in more fevourable 
situations. Mr. Darwin remarks that, if the immense sea-wMds 
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of the Southern Ocean were removed by any cause, the whole 
fanna of these seas would be changed. 

We have seen that animals and vegetables are composed 
principally of four elementary principles, oxygen, hydrogen, 
nitrogen, and carbon. We have examined the remarkable 
manner in which they pass from one condition — from one kingdom 
of nature — into another. The animal, perishing and dwindling 
by decomposition into the most simple forms of matter, mingling 
with the atmosphere as mere gas, gradually becomes part of the 
growing plant, and by like changes vegetable organism progresses 
onward to form a portion of the animal structure. 

A plant exposed to the action of natural or artificial decompo- 
sition passes into ur, leaving but a few grains of solid matter 
behind it. An animal, in like manner, is gradually resolved 
into " thin air." Muscle, and bloody and bones, having under- 
gone the change, are found to have escaped as gases, leaving 
only " a pinch of dust," which belongs to the more stable min- 
eral world. Our dependency on the atmosphere is therefore 
evident. We derive our substance from it — we are, after death, 
resolved again into it. We are really but fleeting shadows. 
Animal and vegetable forms are little more than consolidated 
masses of the atmosphere. The sublime creations of the most 
gifted bard cannot rival the beauty of this, the highest and the 
truest poetry of science. Man has divined such changes by the 
unaided powers of reason, arguing from the phenomena which 
sdence reveals in unceaang action around him. The Grecian 
sage's doubts of his own identity, was only an extension of a 
great truth beyond the limits of our reason. Eomanoe and 
superstition resolve the spiritual man into a visible form of ex- 
treme ethereality in the spectral creations, " clothed in their own 
horror," by which their reigns have been perpetuated. 
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When Shakspeare made his charmmg Ariel sing — 

" Full fathom five thy father lies. 
Of his bones are coral made. 
Those are pearls that were his eyes : 

Nothing of him that doth fade. 
Bat doth suffer a sea change 
Into something rich and strange ;" 

he painted, with considerable oorreotness, the chemical changes, 
by which decomposing animal matter is replaced by a siliceous 
or ealcareoos formation. 

The mysteries of flowers haye ever been the charm of the 
poet's song. Imagination has invested them with a magic 
inflaenoe, and fiinoj has almost regarded them as spiritual things. 
In contemplating their surpassing loveliaess, the mind of every 
observer is improved, and the sentiments which they inspire, by 
their mere external elegance, are great and good. But in 
ezamming the real mysteries of their conditions, their phyacal 
phenomena, the relations in which they stand to the animal 
world, " stealing and giving odours" in the marvellous inter- 
change of carbonic acid and ammonia for the soul-inspiring 
oxygen — all speaking of the powers of some unseen, indwelling 
principle, directed by a Supreme Buler — the philosopher finds 
subjects for deep and soul-trying contemplation. Such studies 
lift the mind into the truly sublime of nature. The poet's dream 
is the dim reflection of a distant star : the philosopher's revela- 
tion is a strong telescopic examination of its features. One is 
the mere echo of the remote whisper of Nature's voice in the dim 
twilight ; the other is the swelling music of the harp of Memnon, 
awakened by the sun of truth, newly risen from the night of 
ignorance. 

To return from our long, but somewhat natural, disgression, 
to a consideration of the chemical phenomena connected with the 
atmosphere, and its curious and important element, nitrogen, we 
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most first consider the evidence we have of the condition of the 
air itself. 

Thd mean pressure exerted upon the surface of the earth, as 
indicated by the barometer, is equal to a column of mercury, 
thirty inches high ; that is, the column of air pressing upon the 
open end of a bent tube filled with mercury, exactly balances 
that quantity, which represents a pressure of fifteen pounds 
upon every square inch of surface. This pressure, it must be 
remembered, is the compound weight of the gaseous envelope, 
and the elastic force of the aqueous vapour contained in it.(^) 
If the atmosphere were of uniform condition, its height, as infer- 
red from the barometer, would be about five miles and a half. 
The density of the air, however, diminishes with the pressure 
upon it, so that at the height of 11,556 feet the atmosphere is 
of half density ; or one volume of air, as taken at the surface 
of the earth, is expanded into two. Thus the weight is continu- 
ally diminishing ; but this is regularly opposed by the decreasing 
temperature, which is at the rate of about one degree for every 
352 feet of ascent, although in all probability it is less rapid at 
great distances from the earth. 

It has been calculated from certain phenomena of refraction, 
that our atmosphere must extend to about forty miles from the 
surface of the earth. It may, in a state of extreme tenuity, 
extend still further ; but it is probable that the intense cold pro- 
duced by rarefaction, sets limit to any extension much beyond 
this. 

The uses of the atmosphere are many. It is the medium for 
regulating the dispersion of watery vapours over the earth. If 
there was no atmosphere, and that, as now, the equatorial climes 
were hot and the poles cold, evaporation would be continually going 
on at the equator, and condensation in the colder regions. The 
sky of the tropical climes would be perpetually cloudless, whilst 
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in ike temperate and artio zones we sboold have constant nun and 
enow. By having a gaseous atmosphere, a more unifonn state of 
things is produced, the vapours evaporated from the earth become 
intimately mixed with the air, and are borne by it over large 
tracts of country, and only precipitated when they enter some 
stratum much colder than that which involves them. There are 
oppofflte tendencies in an atmosphere of air and one of vapour. 
The air circulates from the colder to the warmer parte, and the 
vapour from the warmer to the colder regions ; and as the cur- 
rente of the air, from the distribution of land and sea — the land 
from ite low conducting power being more quickly heated than 
the sea — are very complicated, and as some force is employed 
in keeping the vapour suspended in the air, water is less suddenly 
deposited on the earth than it would have been, had not these 
tendencies of the air and ite hygrometric peculiarities been as 
we find them. 

The blue colour of the sky, which is so much more agreeable 
to the eye than either red or yellow, is due to a tendency of the 
mixed gas and vapour to reflect the blue rays rather than red or 
yellow. The white light which falls upon the surface of the 
earth, without absorption or decomposition in its passage from 
the sun, is partially absorbed by, and in part reflected back from, 
the earth.' The reflected rays pass with tolerable freedom 
through this transparent medium, but a portion of the blue rays 
are interrupted and rendered visible to us. That it is reflected 
light, is proved by the fact of ite being in a polarized stete.(^ 
Clouds of vapour reflect to us again, not isolated rays, but the 
undecomposed beam, and consequentiy they appear white as 
snow to our vision. 

The golden glories of sunset, — when, " like a dying dol- 
phin," heaven pute on the most gorgeous hues, which are 
continually changing, — depend entirely upon the quantity of 
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watery vapour wHich is mixed with the air, and its state of 
condensation. It has been observed, that steam at night, issuing 
into the atmosphere under a pressure of twenty or thirty pounds 
to the square inch, transmits and reflects orange-red light. This 
we may, therefore, conclude to be the property of such a condition 
of mixed vapour and air, as prevails when the rising or the 
setting sun is shedding over the eastern or the western horizon 
the glory of its coloured rays. (^) 

Thus, science points out to us the important uses of the air. 
We learn that life and combustion are entirely dependent on it, 
and that it is made the means for securing greater constancy in 
the climates of the earth than could otherwise be obtained. The 
facts already dwelt upon are sufficient to convince every 
thinking mind, that the beautiful system of order which is 
displayed in the composition of the atmosphere, in which the all- 
exciting element, oxygen, is subdued to a tranquil state by 
another element, nitrogen, (which, we shall have presently to 
show, is itself, under certain conditions, one of the most energetic 
agents with which we are acquainted,) indicates a Supreme 
power, omniscient in the adaptation of things to an especial end. 
Oxygen and nitrogen are here mixed for the benefit of man ; 
man unites them by the aid of powers with which he is gifted, 
and the consequences are of a fatal kind. The principles which 
the great chemist of nature renders mild are transformed into 
sources of evil by the chemist of art. 

Beyond all this, the atmosphere produces effects on light which 
add infinitely to the beauty of the world. Were there no atmo- 
sphere, we should only see those objects upon which the sun's 
rays directly fell, or from which they were reflected. A ray 
falling through a small hole into a dark room, illuminating one 
object, which reflects some light upon another, is an apt illustra- 
tion of the effect of light upon the earth, if it existed without 
21 
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its enveloping atmosphere. By tbe dispersiye powers of this 
medium, sunlight is converted into daylight; and instead of un- 
bearable parallel rays illuminating brilliantly, and scorching up 
with heat those parts upon which they directly fall, leaving all 
other parts in the darkness of night, we enjoy the blessings of 
a diffusion of its rays, and experience the beauties of soft shades 
and slowly-deepening shadows. Without an atmosphere, the sun 
of the morning would burst upon us with unbearable brilliancy, 
and leave us suddenly, at the close of day, at once in utter 
darkness. With an atmosphere, we have the twilight with all its 
tempered loveliness, — a ** time for poets made." 

In chemical character, atmospheric air is composed of twenty 
one volumes of oxygen, and seventy-nine volumes of nitrogen : 
or one hundred grains of air consist of 23.1 grains of the former, 
and 76.9 grains of the latter. Whether the air is taken from 
the greatest depths or the most exalted heights to which man has 
ever reached, an invariable proportion of the gases is maintained. 
The air of Cbimborazo, of the arid plains of Egypt, of the 
pestilential delta of the Niger, or even of the infected atmosphere 
of an hospital, all give the same proportions of these two gases, 
as we find existing on the healthful bills of Devonshire, or in the 
air of the city of London. This constancy in constitution leads 
to the supposition that the oxygen and nitrogen are chemically 
combined ; but many eminent philosophers have contended that 
they are merely mechanically mixed ; and they have shown that 
some peculiar properties prevail amongst gaseous bodies, which 
very fully explain the equal admixture of two gases, the specific 
gravities of which are different. This is particularly exem- 
plified in the case of carbonic acid, of which gas one per cent, 
can be detected in all regions of the air to which the investi- 
gations of man have reached. This gas, although so heavy, is, 
by the law of diffusion, mixed with great uniformity throughout 
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the ma8s.(^) Every ezhalatioa' from the earth, of coarse, 
passes into the air ; but these are generally either so light that 
they are carried into the upper regions, and there perform their 
parts in the meteorological phenomena, or they are otherwise 
very readily absorbed by water or growing plants, and thus is 
the atmosphere preserved in a state of purity for the uses of 
animals. Again, the quantity of oxygen contained in the air, 
and its very peculiar character, insures the oxidation of all the 
volatile organic matters which are constantly passing off, — as the 
odoriferous principles of plants, the miasmata of swamps, and the 
products of animal putrefaction ; these are rapidly converted into 
water, carbonic acid, or nitric acid, and quickly enter into new 
and harmless combinations. The elements of contagion we are 
unacquainted with ; but since the attention of inquirers has been 
of late directed to this important and delicate subject, some light 
may possibly be thrown upon it before long. 

Nothing shows more strikingly the admirable adaptation of all 
things for their intended uses than the atmosphere. In it we 
find the source of life and health ; and chemistry teaches us, 
most indisputably, that it is composed of certain proportions of 
oxygen and nitrogen gases ; and experience informs us that it is 
on the oxygen that we are dependent for all that we enjoy. So 
beautifully is the atomic or molecular constitution ordered, that 
it is impossible to produce any change in the air without render- 
ing it injurious to the animal and vegetable economy. It might 
be thought, from the well-known exhilarating character of oxy- 
gen gas, that, if a larger quantity existed in the atmosphere than 
that which we find there, the enjoyments of life would be of a 
more exciting kind ; but the consequences of any increase would 
be exceedingly injurious ; and, by quickening all the processes 
of life to an unnatural extent, the animal fabric would soon de- 
cay : excited into fever, it would be destroyed by its own fires. 
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Chemistry has made us acquainted with six other compounds of 
oxygen and nitrogen, neither of them fitted for the purposes of 
vitality, of which the following are the most remarkable : — 

Nitrous oxide, or the celebrated laughing gas, which contains 
two volumes of nitrogen to one of oxygen, would prove more 
destructive than even pure oxygen, from the delirious intoxica- 
tion which it produces. 

Nitric oxide is composed, according to Davy, of two volumes 
of nitrogen and two of oxygen. It is of so irritating a nature 
that the glottis contracts spasmodically, when any attempt is 
made to breathe it; and the moment it escapes into the air, it 
combines with more oxygen, and forms the deep red fumes of 
nitrous acid. 

Nitrous acid, and the peroxide of nitrogen, each contains an 
additional proportion of oxygen, and they are still more destruc- 
tive to all organization. 

Nitric acid contains five volumes of oxygen united to two of 
nitrogen; and the well-known destructive properties of aqua 
fortis it is unnecessary to describe. 

The atmosphere, and these chemically active compounds, con- 
tain the same elements, but their mode of combining is different ; 
and what is, in the one case, poisonous to the highest degree, is, 
in the other, rendered salubrious and essential to all organized 
beings. 

Nitrogen gas may be regarded in the light of a diluent to the 
oxygen. In its pure state it is only characterized by its nega- 
tive properties. It will not bum, or act as a supporter of com- 
bustion. Animals speedily perish if confined in it; but they die 
rather through the absence of oxygen than from any poisonous 
property of this gas. Yet, in combination, we find nitrogKi ex- 
hibiting powers of a most energetic character. In addition to 
the fulminating compounds, and the explosive substances already 
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named, whicli are among the most remarkable instances of unsta- 
ble affinity with which we are acquainted, we have also the well- 
known pungent body ammonia. From the analogous nature of 
this volatile compound, and the fixed alkalies, soda and potash, 
it was inferred that it must, like them, be an oxide of a metallic 
base. Davy exposed ammonia to the action of potassium, and 
to the influence of the voltaic flame produced from 2,000 double 
plates, without at all changing it character. From its slight ten- 
dency to combination, and from its being found abundantly in 
the organs of animals feeding on substances that do not contain 
it, it is, however, probably a compound body. A phenomenon 
of an obscure and mysterious character is presented in the forma- 
tion of the '' ammoniacal amalgam," as it is called. 

Mercury, being mixed with an ammoniacal salt, is exposed to 
powerful galvanic action ; and a compound, maii\^ning its me- 
tallic appearance, but of considerable lightness and very porous, 
presents itself. (^) This preparation has been carefully exam- 
ined by Davy, Berzelius, and others. It is always resolved into 
ammonia and mercury; and, although the latter chemist is 
strongly inclined to regard it as affording evidence of the com- 
pound nature of nitrogen, — and he has, indeed, proposed the 
name nitricum, for its hypothetical base, — yet, to the present 
time, we have no satisfactory explanation of this metallization of 
ammonia. 

No attempt will be made to describe the various elementary 
substances which come under the class of metallic bodies, much 
less to enumerate their combinations. Many of the metals, as 
silver and copper, are found sometimes in a native state, or nearly 
pure ; but, for the most part, they exist, in nature, in combina- 
tion with oxygen or sulphur — gold furnishes a remarkable 
exception. They are ordinarily found combined with other 
bodies, as oxidized carbon, phosphorus, chlorine, &c. ; but these 
2l» 
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cases are by no means so common. Those substances called 
metals are generally found embedded in the rocks, or depomted in 
fissures fotmed through them ; but it is one of the great dis- 
coyerieF! of modem science, that those rocks themselves are metallic 
oxides. With metals, we generally associate the idea of great 
density; but potassium and sodium, the metallic bases of potash 
and eoda, are lighter than water, and they, consequently, float 
upon that fluid. We learn, therefore, from the researches of 
science, that the crust of this earth is composed entirely of metals, 
combined with gaseous elements ; and there is reason for believ- 
ing that one, or perhaps two, of the gases we have already 
named, are also of a metallic character. Strange as it may 
appear, there is nothing, as will be seen on attentive considera- 
tion, irrational in this idea. Many of the metals proper, under 
the influenc^of such heat as we can, by artificial means, command, 
are dissipated in vapour, and may be maintained in this state 
perfectly invisible. Indeed, the transparent space above the 
surface of the mercury in the tube of a barometer, known as the 
Torricellian vacuum, is filled with the vapour of mercury. There 
is, therefore, no reason why nitrogen, or even hydrogen, should 
not be metallic molecules kept by the force of the repulsive 
powers of heat, or some other influence, at a great distance from 
each other. The peculiar manner in which nitrogen unites with 
mercury, and the property which hydrogen possesses of combin- 
ing with antimony, zinc, arsenic, potassium, sodium, and pos^bly 
other metals, besides its union with sulphur and carbon, — in 
all which cases there is no such change of character as occurs 
when they combine with oxygen — appear to indicate bodies 
which, chemically, are not very dissimilar to those metals them- 
selves, although, physically, they have not the most remote 
resemblance. 

''We know nothing," says Davy, ''of the true elements 
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belonging to nature; but so far as we can reason from tbe 
relations of tbe properties of matter, b jdrogen is tbe substance 
wbicb approaches nearest to wbat tbe elements may be supposed 
to be. It bas energetic powers of combination, its parts are 
bigbly repulsive as to eacb otbcr, and attractive of the particles 
of otber matter ; it enters into combination in a quantity very 
mucb smaller than any otber substance, and in tbis respect it is 
approached by no known body."(^) 

Many of the elements are common to the three kingdoms of 
nature : most of those found in one condition of organization are 
found in another. In the vegetable class we find carbon combin- 
ing with oxygen, and hydrogen, and an inferior quantity of 
nitrogen. The carbonates are an abundant mineral class. These 
elements, also, constitute the substance of animals, tbe propor- 
tion of nitrogen being in them mucb larger. If •one element, 
more than another, belongs especially to the animal economy, it 
is phosphorus, although this is not wanting in the vegetable 
world; and it is not uncommon in the mineral. Sulphur is 
common to the three classes : it is abundant in the mineral king- 
dom, being one of the products of volcanic action ; it is united 
with tbe metals, forming sulphurets ; it combines with tbe metal- 
lic bases of lime and other earths, and is found in our rocks in 
tbe state of sulphuric acid or oxidized sulphur. In the vegetable 
kingdom we discover sulphur in all plants of the onion kind, in 
the mustard, and some others ; and it enters into the composition of 
vegetable albumen, and appears always combined with albumen, 
fibrine, and caseine in the animal economy. 

Chlorine is found most abundantly in combination with sodium, 
as common salt : in this state, in particular, we may trace it 
from the depths of the earth, its waters, and its rocks, to the 
plants and animals of the surface. Iodine is most abundant in 
marine plants; but it has been found in the mineral world. 
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Bronune is known to iu as a product of cortain saline waters, 
and a few specimens of nainral bromide of silver have been 
examined. Fluorine, tbe base of ihe add which, eombining with 
lime, forms fluor-spar, is found to exist to some considerate 
extent in the bones of animals. It must not be forgotten that 
the earths enter into the composition of the more solid parts of 
plants and animak. Silica, or the earth of flints, is met with 
in beautiful transparent crystals, in the dqiths oi the mine ; in all 
rocks and soils we find it; in the bark of many plants, particu- 
larly the grasses, it is discovered, forming the hard supporting 
cuticle of the stalk of wheat, the Dutoh rush, the sugar-cane, the 
bamboo, and many others. Lime is one of the principal eonsti- 
tnents of animal bone and shells, and it is faand in nearly all 
vegetables. 

It is thus that we find the same elementary principle present- 
ing itself in every form oi matter, under the most Protean 
shapes. Numerous phenomena of even a more striking charac- 
ter than those selected, are exhibited in every department of 
chemistry ; but within the limits of this essay it is impracticable 
to speak of any beyond those which directly explain natural 
phenomena. 

The chemical elements, which actually exist in nature as sim- 
ple bodies, are probably but few. Most of the known gases, 
and sulphur, phosphorus, and the metals, are in all probability 
compounds of some ethereal ultimate principles ; and with the 
advance of science we may fairly hope to discover the means of 
reducing some of them to a yet more simple state. The specula- 
tions of men, through all ages, have leaned towards this idea, as 
is shown by the theory of the four elements of the ancients, the 
three of the alchemists, and the refined speculations of Newton 
and Boscovich. All experimental inquiry points towards a simi- 
lar conclusion. It is true we have no direct evidence of any 
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elementary atom actually nndergoing a change of state ; but when 
we regard the variations produced by electrical influence, and 
consider the phenomena of allotropism, it will be difficult to come 
to any other conclusion, than that the particles of matter known 
to us as ultimate are capable of change, and consequently must 
be far removed from positively simple bodies, since the real 
elementary atom, possessing fixed properties, cannot be supposed 
capable of undergoing any transmutation. 

It will now be evident that in all chemical phenomena we 
have the combined exercise of the great physical forces, and 
evidences of some powers which are, as yet, shrouded in the 
mysteiy of our ignorance. The formation of minerals within the 
clefts of the rocks, the decomposition of metallic lodes, the 
germination of seeds, the growth of the plant, the development 
of its fruit, and its ultimate decay, the secret processes of ani- 
mal life, assimilation, digestion, and respiration, and all the 
changes of external form which take place around us, are the 
result of the exercise of that principle which we call chemical. 

By chemical action plants take from the atmosphere the 
elements of their growth ; these they yield to animals, and from 
these they are again returned to the air. The viewless atmo- 
sphere is gradually formed into an organized being, which as 
gradually is again resolved into the thin air. The changes of 
the mineral world are of an analogous character ; but we cannot 
trace them so clearly in all their phenomena. 

An eternal round of chemical action is displayed in nature. 
Life and death are but two phases of its influences. Growth 
and decay are equally the result of its power. 
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CHAPTER XIII. 

TIME.— GEOLOGICAL PHENOMENA. 

Time, an element in Nature's Operations — Geological Science — Its 
Facts and Inferences — Nebular Hypothesis applied — Primary For- 
mations — Plutonic and Metamorphic Rocks — Transition Series 
— Palseosoio Rocks-— Commencement of Organic Arrangements — 
Existence of Phospkorie Acid in Plutonic Rocks—- Fossil Remains 
— Coal Formation — Sand-stones — Tertiary Formations — Eocene, 
Miocene, and Pliocene Formations — Progressive changes now appar- 
ent—General Conclusions — Physics applied in Explanation. 

The infiaence of time, as an element, in prodacmg certain stmc- 
tuial arrangements, bj modifying the operations of physical 
force, under whatever form it may be exerted, has scarcely been 
sufficiently attended to in the examination of cosmioal phenomena. 
Every particle of matter is, as it were, suspended between the 
agencies to which we have been directing our attention. Under 
ihe influences of the physical powers, sometimes exerted in com- 
mon, but often with a great preponderance in favour of one of 
them, every accumulated heap of mud or sand is slowly cohering, 
and assuming the form of a rock possessing certain distinguishing 
features, as it regards lamination, cleavage, &c. 

The minute particles of matter are necessarily but slightly 
influenced by the physical forces : their action, in accordance 
with the laws which determine physical condition, is manifested 
in an exceedingly modified degree. But in all the operations of 
nature, what is deficient in power is made up in time, and effects 
are produced during myriads of ages, by powers far too weak to 
give satisfactory results by any experiments which might be 
extended even over a century. 
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If, witb tbe eye of a geologist, we take but a cursory glance 
over the earth, we shall discoyer that countless ages must have 
passed during the progress of this planet to its present state. 
This is a fact written by the finger of nature, in unmistakeable 
characters, upon the mighty tablets of her mountains. 

The superficial crust of the earth, — by which is meant only 
that film, — compared with its diameter, — which is represented 
by a few miles in depth — is composed of distinct mineral masses, 
exhibiting peculiar physical conditions and a certain order of 
arrangement. These rocks appear to have resulted from two 
dissimilar causes ; in the one class the action of heat is evident, 
and in the other we have an aqueous origin indicated by pecu- 
liarities of formation. 

There are few branches of science which admit of speculation 
to the extent to which we find it carried in geology. The con- 
sequence of this is shown in the popular character of the science. 
A few observations are made over a limited area, and certain 
structural conditions are ascertained, and at once the mind, 
** fancy free," penetrates the profound depths of the earth, and 
imagination, having ** ample room and verge enough," creates 
causes by which every effect is to be interpreted. Such stu- 
dents, generally ignorant of the first principles of physics, 
knowing little of mineralogy, and less of chemistry, to say 
nothing of palaeontology, having none of the requisites for an 
observer, boldly assume premises which are untenable, and think 
they have explained a phenomenon, — given to the world a 
truth, — when they have merely promulgated an unsubstantiated 
speculation, which may have occasional marks of ingenuity, and 
but little else. 

The carefully made observations of those who, with unwearying 
industry, have traversed hill and valley, marked and measured 
the various characters, thicknesses, inclinations, and positions of 
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rooks ; wfao have watched the influeneeB of heat in chan^g, of 
water in wearing, and the results of precipitation in forming 
strata; who have traced the mechanical effects of earthquake 
strugglings and of volcanic eruptions, and, reasoning from an 
immense mass of accumulated facts, deduced certain general 
conclusions, — are^ however, of a totally different character ; 
and it is such ohservers as these who induced Herschel to say 
truly, that *' geology, in the magnitude and sublimity of the 
objects of which it treats, undoubtedly ranks, in the scale of the 
sciences, next to astronomy. "(^) 

The origin of this planet is involved in great obscurity, which 
the powers of the most gifted are unable to penetrate. It stands 
the work of an Almighty and Eternal mind, the beginning of 
which we cannot comprehend, nor can we define the period of 
its termination. 

It may, probably, be safe to speculate that there was a time 
when this globe consisted of only one homogeneous stratum. 
Whether this remains, — whether, in our plutonic rocks, our gran- 
ites, or our porphyries, we have any indications of the primitive 
state of the world, or whether numerous changes took place 
before even our unstratified formations had birth, are questions 
we cannot answer. The geologist looks back into the vista of 
time, and reckons, by phenomena, the progress of the world's 
mutations. The stratified formations may have occupied thou- 
sands of ages ; but before these were, during a period extending 
over countiess thousands, the unstratified rocks may have been 
variously metamorphosed. It matters not whether we admit 
the nebular hypothesis or not, a time must have been when all 
these bodies which now form the mass of this globe existed in tbe 
most simple state. We have already shown that very remarka- 
ble changes in external character and in chemical relations are 
induced, in the same simple element, by its having been exposed 
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to pecnlar and different conditions ; and already liaye we specu- 
lated on the probability tbat tiie advance of science will enable 
us to rednce the nnmerons elements we now reckon, to two or 
three. It is, therefore, by no means an irrational thought to sup- 
pose, that at the beginning a mighty mass of matter, in the most 
attenuated state, floated through space, and was gradually, under 
the influence of grayitation, of cohesive force, and of chemical 
aggregation, moulded into the form of a sphere. AscendiDg to 
the utmost refinement of physics, wo may suppose that this mass 
was one of uniform character, and that it became in dissimilar parts 
— its surfaces and toward its centre — differently constituted, 
under the influences of the same powers which we now find pro- 
duciog, out of the same body, charcoal and the diamond, and 
creating the multitudinous forms of organized creations. These 
conditions being established, and carried to an extent of which, 
as yet, science has afforded us no cadence, chemical intermix- 
ture may have taken place, and a new series of compounds have 
been formed, which, by again combining, gave rise to another 
and more complex class of bodies. 

The foundation of the superficial crust of the earth appears 
to be formed of a class of rocks which have resulted from the 
slow cooling of an immense mass of heated matter. These rocks 
have been called igneous ; but are now more generally termed 
Plutonic f (such as granites, syenites, &c.) Immediately above 
these, we find rocks which have resulted by deposition from 
water. These masses, having been exposed to the action of the 
heat below, have been considerably changed in their character, 
and hence they are often called metamorphic ; but metar 
morphic rocks may, however, be of any age. The rocks for- 
merly termed the transition series — from their forming the 
connecting link between the earlier formations — are now, from 
the circumstance of their being fossiliferous, classed under the 
22 
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general term of palaeozoic rocks, to distingoiBb ihem from the 
rocks in which no organic remains have been found. Above these 
are found the secondary strata, and, still more recently produced, 
we have a class now usually denominated the tertiary formations* 
'' Eternal as the hills" is a poetic expression, implying a long 
duration ; but these must, from the nature of things, eventually 
pass away. The period of time necessary for the disintegration 
of a granite hill is vastly beyond the powers of computation, 
according to our conception of the ordinary bounds of finite 
things. But a consideration of the results of a few years, — 
under the influence of the atmosphere and the rains, — as shown 
in quantity of solid matter carried off by the rivers, and deposited 
at their mouths, will tend to carry conviction to every mind, that 
a degrading process is forever in action on the sur&ce of the earth. 
The earth itself may be eternal, but the surface is continually 
undergoing mutation, from various causes, many of which we 
must briefly consider. (**) 

In regarding geological phenomena, the absence of any fossil 
remains has often been supposed to indicate a period previous to 
any organic formations. That the inorganic constituents of mat- 
ter are of prior origin to the organic combinations is a specu- 
lation which must be cautiously received. The supposed 
evidences in favour of such an assumption are in some respects 
doubtful ; and we can well understand that changes may have 
been induced in the earlier rock formations, by heat or by other 
powers, quite sufficient to destroy all traces of organized forms. 
It was long thought that phosphoric acid was not to be detected 
in rocks which are regarded as of igneous origin ; and since this 
acid is peculiarly a constituent of organic bodies, this has been 
adduced as a proof that the plutonic rocks must have existed pre- 
viously to the appearance of vegetable or animal life upon the 
sur&ce of the globe. The researches of modem chemists have. 
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however, shown that phosphoric acid is to be foiin4 in forma- 
tions of granitic origin, in porphyry, basalt, and hornblende 
rocks. (^) If, therefore, we are to regard this substance as of 
organic origin, the rational inference is against the speculation. 

Without attempting to enter into any account of the apparent 
progress of life over the earth, it appears desirable that some 
description should be given of the kinds of plants and animals 
which we know to have existed at dijBTerent epochs. We shall 
thus learn, at least, some of the prevailing characteristics of the 
earth during its transitions, and be in a better condition for 
applying our knowledge of physical power to the explanation of 
the various geological phenomena. 

Among the earliest races, we have those remarkable forms, the 
trilobites, inhabiting the ancient ocean. 

These Crustacea bear some resemblance, although a very re- 
mote one, to the common wood-louse, and, like that animal, they 
had the power of rolling themselves into a ball when attacked by 
an enemy. The eye of the trilobite is a most remarkable organ ; 
and in that of one species, Phacops caudatus, not less than two 
hundred and fifty lenses have been discovered. This remarka* 
ble optical instrument indicates that these creatures lived under 
similar conditions to those which surround the Crustacea of the 
present day. 

At the period of the trilobites of the Silurian rocks, all the 
animals contemporaneous with them had the organs necessary for 
the preservation of life in the waters. 

Next in order of time to the trilobite, the most singular animals 
inhabiting those ancient seas, whose remains have been preserved, 
are the Cephalopoda, possessing some traces of organs which 
belong to vertebrated animals. There are numerous arms, for 
locomotion and prehension, arranged in a centre round the head, 
which is furnished with a pair of sharp, homy mandibles, em- 
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bedded in powerfol mnaclee. These preheiudle ams are pro^ 
Tided with a doable row oi Backers, by which the animal seised 
its prey. Of these oephalopodoas animals there are many 
varieties, bat all of them appear to be famished with powers of 
rajnd locomotion, and those with shells had an bydraolio arrange- 
ment for sinking themselves to any depth of the seas in which, 
withoat doabt, they reigned the tyrants. 

Passing by withoat notice the nameroos fiiAes which appear 
to have exhibited a similar order of progression to the other 
animals, we mast proceed to the more remarkable period when 
the dry land first began to appear. 

All the animals foond in the steta we have mentioned, are 
sach as would inhabit the seas ; but we gradoally arrive at dis- 
tinct evidence of the separation of the land from t^e water, and 
the '' green tree, yielding seed,^' presents itself to oar attention ; 
not that the strata earlier than this are entirely destitute of any 
remains indicating vegetable growth, but those they cxhilnt are 
such as, in all probability, may be referred to marine plants. 

Those plants, however, which are found in the carboniferous 
series are most of them distingubhed by all the characteristics of 
those which grow upon the land ; we, therefore, in the muti- 
lated r^nains of vegetation left us in our coal-'formations, read the 
history of our early world. 

Tben the reed-like calamite bowed its hollow and fragile stems 
over the edges of the lakes, the tree-ferns grew luxuriantiy in 
the shelter of the hills, and gave a wild beaaty to .the humid 
valleys. The lepidodendrons spread themselves in mighty forests 
along the plains, which they covered with their curious cones ; 
whilst the sigillarids extended their multitudinous branches, 
wreathing like serpents amongst the luxurious vegetation, and 
embraced, with their roots (stigmarias), a most extensive space on 
every side. (^) 
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The seas and lakes of this period aboanded with minute 
animals nearly allied to the coral animals, which are now so 
actively engaged in the formation of islands in the tropical and 
southern seas. During the ages which passed by without any 
remarkable disturbance of the surface of the earth, the many 
bands of mountain limestone were formed by the ceaseless activity 
of these minute architects. Encrinites (creatures in some respects 
resembling star-fish) existed in vast numbers in the oceans of 
this time ; and the great variety of bivalve shells, and those of a ' 
spiral character, discovered in the rocks of this period, show the 
waters of the newer palsBozoic period to have been instinct with 
life. 

In the world, then, as it does now, water acting on the dry 
land produced remarkable changes. We have evidence of exten- 
sive districts over which the most luxuriant vegetation must have 
spread for ages, — from the remains of plants in every state of 
decay, — which we find went to form our great coal-fields. These, 
by some changes in the relative levels of land and water, became 
covered with this fluid ; and over this mass of decaying organic 
matter, sand and mud were for ages being deposited. At length, 
rising above the surface, it becomes covered with vegetation, 
which is, after a period, submerged ; the same deposition of sand 
and mud again takes place, it is once more fitted for vegetable 
growth, and thus, cycle after cycle, we see the dry land and the 
water changing places with each other. This will be evident to 
every one who will carefully contemplate a section of one of the 
coal-fields of Great Britain. We find a stratum of coal lying 
upon a bed of underclay, and above it an extensive stratum of 
shale or sandstone, probably formed by the denudation of the 
neighboring hills ; and in this manner we have many strata of 
coal, shale, clay, ironstone, and sandstone alternating with each 
other. 

Ascending in the series, we have now formations of a more 
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roeent character, in which fiahcB of a higher order of organiza^n, 
creeping and fljing saurians, crocodiles and lizards, tortoises, 
serpents, and frogs, are fonnd. The lias formations (a term 
corrupted from layers), consisting of strata in which an argilla- 
ceous character prevails, stand next in series. In these we have 
animals preserved in a fossil state, of a distinguishinglj diierent 
character from those of the inferior strata.' Corals are not found 
in tiie British Isles ; hut we meet with extended beds of penta- 
crinites, some inches in thickness ; and their ren^ins are often so 
very complete that every part of the skeleton can be made oat, 
although so complicated that it cannot consist of less than 
150,000 parts. In these formations we often find the curiously 
beautiful remains of the ammonites, of which an immense variety 
have been found. Of the belemnites — animals furnished with 
the shell and the ink-bag of the cuttle-fish, with which it darkened 
the water to hide itself from enemies — numerous varieties have 
also been discovered. In addition to these we find nautili ; and 
sixty species of extinct fishes have been described by Agassiz 
from the lias of Lyme Begis alone. 

When these rocks were in the progress of formation, there 
existed the ichthyosaurus, or fish-lizard, which appears, in many 
respects, to have resembled the crocodile of the Nile. It was a 
predatory creature of enormous power, and must have been the 
tyrant and terror of the seacoasts which it inhabited. Its 
alligator-like jaws, its powerful eye, its fish-like fins, and turtle- 
like paddles, were all formed to facilitate its progress as a 
destructive agent. The plesiosaurus was, if possible, a still more 
remarkable creation. To the head of a lizard was united an 
enormously long neck, a small and fish-like body, and the tail of a 
crocodile ; it appears formed for existence in shallow waters, so 
that, when moving at the bottom, it could lift; its head above the 
surface for air, or in search of its food. The flora of ibis period 
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must bave been tolerably exteasive : and it resembled the vege- 
tation which exists at present in tro{»cal re^ona. 

XUees of reptiles still have place upon the earth, and we have 
now t^e megalosaiurain remains, indicating a strength and rapacity 
which would render them objects of terror as well as astonishment, 
could they be restored to the world which they once ravaged. 
An ^aonnous bat-like creature also existed at this Ume — the 
pterodactyl — which, in the language of Cuvier, was, *' undoubt- 
edly, the most extraordinary of all the beings of whose former 
existence a knowledge is granted to us, and that which, if seen 
alive, would appear most unlike anything that existe in the 
present world." ** You see before you," says the same writer, 
"An animal which, in all points of bony structure, from the teeth 
to the extremities of the nails, presents the weU-known saurian 
characteristics, and of which no one can doubt that its integu- 
ments and soft parts, its scaly armour and its organs of circulation 
and reproduction, are likewise analogous. But it was, at the 
same time, an animal provided with the means of flying ; and, 
when stationary, its wings were probably folded back like those 
of a bird, althoi^h, perhaps, by the claws attached to its fingers, 
it might suspend itself from the branches of trees. "(^) 

From the disintegration of the older rocks have no doubt arisen 
those formations which are known as the oolitic series. In these 
strata are preserved the remains of plants and animals more 
resembling those which now exist upon the earth ; and, for the 
first time, — unless the evidence of the footsteps of birds on the 
new red sandstone of America be accepted, — we meet with 
the remains of winged creations. 

In these formations we discover animals belonging to the class 
mammalia, — the amphitherium and the phascolothcrium, — 
which appear to have resembled, in many respects, the marsupial 
animals of New Holland. (^) 
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The wealden formations, whieh are the next in order of podtion, 
are a series of clays and sands, with subordinate beds of limestmie, 
grit, and shale. These have, in some instances, been formed in 
the sea ; but they may be nsoally regarded as freslhwater depo- 
sits. All the older rocks bear evident marks of marine ori^, 
unless some of the coal-measore strata may be regarded as other- 
wise ; but nearly all the wealden series contain the remains of 
land, fresh water, and estoary animals, and of land vegetables. 
The animals which we discover, preserved, to tell the history of 
this period, are numerous, and have marked peculiarities to 
distinguish them from those already described, or from any now 
existing on the earth. We find land saurians of a large kind, 
and animals of all mzes, even insects, of which a great variety are 
found in the wealds. The remarkable iguanodon was an animal 
which, even by the cautious measurement of Professor Owen, 
must have been at least twenty-eight feet long ; and this enor- 
mous creature was suspected, by Cuvier, and has been proved by 
Owen, to have been ** an herbivorous saurian for terrestrial 
life."(®*) Dr. Mantell calculates that no less than seventy 
individuals of the iguanodon of all ages have come under his 
notice ; and the bones of a vast number of others must have been 
broken up by the workmen in the few quarries of Tilgate grit ; so 
that these creatures were by no means rare at the period of 
their existence. (^^) 

The uppermost of these secondary formations is the cretaceous 
or chalk group, which spreads over a large portion of south- 
eastern England, and is met with in all parts of Europe. This 
chalk, which is a carbonate of lime, appears to have been slowly 
precipitated from tranquil water, as, according to Sir Henry De 
la Beche, organic remains are beautifully preserved in it. Sub- 
stances of no greater solidity than common sponges retain their 
forms, delicate shells remain unbroken, fish even are frequently not 
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flattened, and altogether we haye the appearanees whieh justify 
us in eoncluding that, shice these organic ezuviin were entonked, 
they have been protected from pressure by the consolidation of 
the rock around them.(^) 

Beneath the chalk exists what has been called, from its colour 
— derived from a silicate of the protoxide of iron, — green sand, 
and was, no doubt, formed by deposition from &e same water in 
which ihe carbonate of lime was suspended, — the green sand 
falling to the bottom more readily from its greater specific gravity. 
*' The tranquillity," observes Sir Henry De la Beohe, " which 
seems to have prevailed during this great aecumulation of nlioeo* 
calcareous matter, whether it may have been a deposit from vrater, 
in whieh it was mechanically suspended, partly the work of 
living creatures, or in a great measure chemical, is vexy 
remarkable.'X"*) 

In the chalk, the remains of the leaves of dicotyledonous 
plants and fragments of wood are foimd more abundantly than in 
the earlier strata, many of which are marked with the perforations 
of marine worms, indicating that they had floated for some time in 
the ocean. It should, however, be remembered, that leaves have 
been found in the new red sandstone ; and the flora of the ooal- 
formation must not be forgotten. The manner in which mliea 
has deposited itself on organic bodies— ^ the sponges — is 
curious ; t&e whole of the organized tissue being often removed, 
and flint having taken its place. These flints abound in the 
upper ehalk. The association of carbon and alicon, combined 
with oxygen, as we find them in the cretaceous formations, is 
most interesting, and naturally gives rise to some speculation on 
the relation of these two elements. Both carbon and silicon, as 
has been already shown, exist in several allotropic conditions ; 
and, although the statements made by Dr. Brown relative to the 
conversion of carbon into silicon are proved to be grounded on 
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experimental error, it is not improbable tbat a very intimate 
relation may exist between tbese elements. (^) The probability 
is, that the sponge animal has the power of secreting silica to 
give strength to its form. " Many species," says Rymer Jones, 
speaking of recent sponges, ** exhibiting the same porous stmo- 
ture, have none of the elasticity of the officinal sponge — a 
circumstance which is due to the difference observable in the 
composition of their skeletons or ramified framework. In such, 
the living crust forms within its substance not only tenacious 
bands of animal matter, but great quantities of crystallized 
spicula, sometimes of a calcareous, at others of a siliceous, 
nature." Thus, a frame of siliceous matter being formed by the 
living animal, a deposition of the same substance is continued 
after death. 

Sea-urchins, and star-fish, and numerous fossil shells, are 
found in these beds, which, however, differ materially from the 
remains of the same animals found in the earlier formations. A 
vast number of new species and genera of fish are also discovered 
in the chalk. 

Nearly all the animals and plants which existed up to this 
period are now extinct, although they have some imperfect 
representatives at the present day. 

The uppermost group, which has been called the supercre- 
taoeous or tertiary formations, appears in our island to have 
been formed during four great eras, as we find fresh-water 
deposits alternating with marine ones. The terms eocene, which 
is the first or oldest deposit ; miocene, which is the second ; 
pliocene f which is the third ; and the newer pliocene, which is 
the fourth and last, have been applied to these formations, the 
names referring to the respective proportions of existing species 
found among their fossil shells. (^) 

All these formations show distinct evidence of their having 
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been deposited from still or slowlj-flowiDg deep waters. Thus 
the eocene appears in the Paris basin, formed clearly at an 
estuary, in which are mingled some interesting fresh-water 
deposits ; in the lacustrine formations in Auvergne ; also at Aix ; 
and in the north of Italy. It appears probable that, in the 
formations generally termed eocene, both fresh-water and marine 
deposits have been confounded, and several formations of widely 
different eras regarded as the result of one. We have not yet 
been furnished with any distinct and clear evidence to show that 
the deposits of the Paris basin, and those of Auvergne, are of the 
same age. At all events, it is sufficient for our present purpose 
to know that they are the result of actions which are now as 
general as they were when the plastic clay of Paris, and its 
sulphate of lime, or the London clay, were slowly deposited. 

As a general conclusion, we may decide that, at the oecene 
period, existing continents were the sites of vast lakes, rivers, 
and estuaries, and were inhabited by quadrupeds, which lived 
upon their thickly-wooded margins. Many remains, allied to 
those of the hippopotamus, have been found in the subsidences 
of this period. 

Examples of the miocene or middle tertiary era are to be 
found in Western France, over the whole of the great valley of 
Switzerland, and the valley of the Danube. In these deposits 
we find the bones of the rhinoceros, elephant, hippopotamus, and 
the dmotherium, an extinct animal, possessing many very dis- 
tinguishing features. (^) 

The pliocene period has been termed the age of elephants, and 
is most remarkable for the great mastodons and gigantic elks, 
with other animals not very unlike those which are contempo- 
raneous with man. 

In the superficial structure of the earth, the diluvium, 
alluvium, peat and vegetable soil, we have a continuation of the 
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bistoij of the mountains <^ tbe earth and of its inhabitants, 
which has been so briefly sketched. They bing ns up to the 
period when man appeared in the world, since whose creation it 
is evident no very extensive change has been produced npon the 
surface. We haye viewed the phenomena oi each great epoch, 
marked as they are by new creations of organized bemgs, and it 
would appear as if, through the whole series, from the primary 
rocks up to the modem alluvial deposits, a progressive improve- 
ment of the earth's surface had been effected, to fit it at last 
for the abode of the human race. 

Thus have we preserved for us, in a natural manner, evidences 
which, if we read them aright, must convince us that the laws 
by which creation has ever been regulated are as constant 
and unvarying as the Eternal mind by which they were decreed. 
Our earth, we find, by the records preserved in the foundation- 
stones of her mountains, has existed through countless ages, and 
through them all exhibited the same active energies that prevail 
at the present moment. By precisely similar influences to those 
now in operation, have rocks been formed, which, under like 
agencies, have been covered with vegetation, and sported over 
by, to us, strange varieties of animal life. Every plant that has 
grown upon the earliest rocks which presented their faces to the 
life-giving sun, has had its influence on the subsequent changes 
of our planet. Each trilobite, each saurian, and every one of 
the mammalia which exist in the fosdl state, have been small 
laboratories in which the great work of eternal change has been 
carried forward, and, under the compulsion of the strong laws of 
creation, they have been made ministers to the great end of 
forming a world which might be fitting for the presence of a 
creature endued with a spark taken from the celestial flame 
of intellectual life. 
For a few moments we will return to a consideration of the 
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operations at present exhibiting their phenomena, and examine 
what bearing they have upon our knowledge of geological 
formations. 

During periods of immense, but unknown, duration, the ocean 
and the dry land are seen to have changed their places. Enor- 
mous deposits, formed at the bottom of the sea, are lifted by some 
mechanical, probably volcanic, force above the waters, and the 
land, like the ocean surrounding it, teems with life. This state 
of things lasts for ages ; but the time arrives when the ocean 
again floods the land, and a new state of things, over a particu- 
lar district, has a beginning. 

It must not be imagined that the changes which we have 
spoken of, as if they were the result of slow decay and gradual 
deposit, were effected without occasional violent convulsions. 
Many of the strata which were evidently deposited at the bottom 
of the sea, and, of course, as horizontal beds, are now found 
nearly vertical. We have evidence of strata of immense thick- 
ness having been subjected to forces that have twisted and con- 
torted them in a most remarkable manner. Masses of solid rock, 
many thousand feet deep, are frequently bent and fractured 
throughout their whole extent. Mountains have been upheaved 
by internal force, and immense districts have suddenly sunk far 
below their usual level. By the expansive force of that temper- 
ature which must be required to melt basaltic and trap rocks, the 
whole of the superficial crust of a country has been heaved to a 
great height, immense fissures have been formed by the breaking 
of the mass, and the melted matter has been forced through the 
opening, and overflowed extensive districts, or volcanoes have 
been formed, and wide areas have been buried under the ashes 
ejected from them. With the cause of these convulsions we are, 
at present, unacquainted. 

We have evidence of the extent to which these forces may bo 
23 
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exerted, in tbe catastropbes which have occurred within historical 
times, and which have happened even in our awn day. Hercu- 
laneum and Pompeii, buried under the lava and ashes of Yesa- 
vius, in an hour when the inhabitants of these cities were unpre- 
pared for such a fearful visitation, — the frightful earthquakes 
which have, from time to time, occurred in South America, — 
are evidences of the existence of bidden forces which shake tbe 
firm-set earth. Similar ravaging catastrophes may have often 
occurred, and, involving cataclysms, swept the surface to produce 
the changes we detect over every part of the earth, compared 
with which the earthquakes and floods of history are but trivial 
things. Evidence has been adduced, to show that the mountains 
of tbe Old World may have approached in height the highest of 
the Andes or Himalayas, and these have not been destroyed by 
any sudden effect, but by tbe slow disintegrating action of tbe 
elements. (^) All these phenomena are now in progress : tbe 
winds and the rains wear the faces of tbe exposed rock ; their 
debris, mixed with decayed vegetable and animal matter, are 
washed off from the surface, and borne away by the rivers, to be 
deposited by tbe seas ; — thus it is that the great delta of tbe 
Ganges is formed, and that a continual increase of matter is 
going on along tbe sides and at the mouths of rivers. The Am- 
azon, tbe Mississippi, and other great rivers, bear into the ocean, 
daily, thousands of tons of matter from the surface of the earth. (^) 
This is, of course, deposited at the bottom of the sea, and it 
must, in the process of time, alter tbe relative levels of the ocean 
and the land. Islands have been lifted by volcanic power from 
the bottom of the sea, and many districts in South America have 
been depressed by the same causes. 

Changes as extensive have been, in all probability, eflTected by 
forces ** equally or more powerful, but acting with less irregu- 
larity, and so distributed over time as to produce none of those 
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interregnums of cbaotio anarchy which we are apt to think (per- 
haps erroneously) great disfigurements of an order so beautiful 
and harmonious as that of nature. "(^) These forces are, with- 
out doubt, even now in action. 

Had it not been for these convulsive disturbances of the sur- 
face, the earth would have presented an almost uniform plain, 
and it would have been ill adapted for the abode of man. The 
hills raised by the disturbances of nature, and the valleys worn 
by the storms of ages, minister especially to his wants, and afford 
him the moans of enjoyment which he could not possess had the 
surface been otherwise formed. The ''iced mountain-tops," 
condensing the clouds which pass over thera, send down health- 
ful streams to the valleys, and supply the springs of the earth, 
thus securing the fertility and salubrity of lands far distant. The 
severities of climate are mitigated by these conditions, and both 
the people of the tropics and those dwelling near the poles are 
equally benefited by them. 

Gravitation, cohesion, chemical force, heat, and electricity must, 
from that hypothetical time when the earth floated a cloud of 
nebulous vapour, in a state of gradual condensation up to the 
present moment, have been exercising their powers, and regu- 
lating the mutations of matter. 

When the dry land was beneath the waters, and when dark- 
ness was upon the face of the deep, the same great operations as 
those which are now in progress in the depths of the Atlantic, or 
in the still waters of our inland lakes, were in full activity. At 
length the dryland appears; and — mystery of mysteries — it 
soon becomes redolent of life in all the forms of vegetable and 
animal beauty, under the aspect of the beams of a glorious sun. 

Geology teaches us to regard our position upon the earth as 
one far in advance of all former creations. It bids us look back 
through the enormous vista of time, and see, shining still in the 



Digitized by VjOOQ iC 



268 man's FOsmoN. 

remotest distance, the light which exposes to our Tiaon many of 
nature'9 holy wonders. The elements which now make up this 
strangely beautifal fabric of muscle, nerves, and bone, have 
passed through many ordeals, ere yet it became fashioned to hold 
the human soul. No grain of matter has been added to the 
planet, since it was weighed in a balance, and poised with odier 
worlds. No grain of matter can be removed firom it. 

Under the forces we have been considering, acting as so many 
contending armies, matter passes from one condition to another, 
and what is now a living and a breathing creature, or a ddiicate 
and sweetly-scented flower, has been a portion of the amorphous 
mass which once lay in the darkness of the deep ocean, and it 
will again, in the progress of time, pass into that condition 
where no evidences of organization can be found, — again, per- 
haps, to arise clothed with more exalted powers than even man 
enjoys. 

When man places himself in contrast with the Intelligenees 
beyond him, he feels his weakness ; and the extent of power 
which he can discover at work, guided by a mysterious law, is 
such, that he is dwarfed by its immensity. But looking on the 
past, surveying the progress of matter through the inorganic 
forms up to the higher organizations, until at length man sUmds 
revealed as the chief figure in the fiureground of the picture, the 
monarch of a world on which such elaborate care has been be- 
stowed, and the absolute ruler of all things around him, he rises 
like a giant in the conscious strength of his fistr-searching mind. 
That so great, so noble a being should suffer himself to be de- 
graded by the sensualities of life to a level with the creeping 
things, upon which he has the power to tread, is a lamentable 
spectacle, over which angels must weep. 

The curious connection between the superstitions of .races, the 
traditionary tales of remote tribes, and the developments of the 
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truths of science, are often of a very marked character, and they 
cannot but be regarded as instructive. In the wonders of '* olden 
time " fiction has ever delighted ; and a thousand pictures have 
been produced of a period when beings lived and breathed upon 
the earth which have no existence now. 

Hydras, harpies, and sea-monsters figure in the myths of 
antiquity. In the mythology of the northern races of Europe 
we have fiery-fiying dragons, and poetry has placed these as the 
guardians of the '* hoarded spirit," and protectors of the en- 
chanted gold. 

Through the whole of the romance period of European litera- 
ture, nothing figures but serpents, ** white and red," toiling and 
fighting under ground, — thus producing earthquakes, as in the 
story of Merlin and the building of Stonehenge ; — and flying 
monsters, griffins and others, which now live only in the mean- 
ingless embellishments of heraldry. Curious it is, too, to find the 
same class of ideas prevailing in the East ; — the monster dragons 
of the Chinese, blazoned on their standards and ornamenting their 
temples; — the Buddaieal superstition that the world is sup- 
ported on a vast elephant, which stands on the back of a tortoise, 
which again rests on a serpent, whose movements produce 
earthquakes and violent convulsions ; — the rude decorations 
also of the temples of the Aztecs, which have been so recently 
restored to our knowledge by the adventurous travellers of Cen- 
tral America^ --^ all give expression to the same mythological 
idea. 

Do not all these indicate a faint and shadowy knowledge of a 
previous state of organic existence ? The process of cbmmunion 
between man of the present, and the creations of a former world, 
we know not ; it is mysterious, and forever lost to us. But 
even the most ignorant and uncultivated races of mankind have 
figured for themselves the images of creatures which, whilst 
83# 
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they do really bear some resemblance to tbiDgs wbieh bave f(Hr- 
eyer passed away, do not, in tbe remotest degree, partake of 
any of tbe peculiarities of existing creations. 

The icbtbyosanms, and tbe plemosanrus, and tbe pterodactylaa, 
are preserved in tbe rude images of barpies, of dragons, and of 
griffins ; and, altbougb tbe idea of an elepbant standing on the 
back of a tortoise was often laugbed at as an absurdity, Gaptaia 
Cautley and Dr. Falconer at lengtb disoovered in tbe bills of 
Asia ihe remains of a tortoise in a fossil state of sueb a sbe tbat 
an elepbant could easily bave performed tbe feat.(^) 

Of tbe ammonites, we bave more exact evidence ; tbey were 
observed by our forefathers, and called by tbem snake-stones ; 
and according to tbe legends of Gatbolic saints tbey were con- 
sidered by tbem as possessing a sacred character:— 

" Of these and snakes, each one 
Was changed into a coil of stone 
When holy Hilda prayed." 

And in addition to this petrifying process, one of decapitation 
is said to bave been effected ; hence tbe reason why these snake- 
stones bave no beads. 

We also find, in the northern districts of our island, that the 
name of ** St. Cuthbert's beads " is applied to the fossil remains 
of encrinites. 

Thus we learn that to a great extent fiction is dependent upon 
truth for its creations ; and we see that when we come to inves- 
tigate any wide-spread popular superstition, although much 
distorted by the medium of error through which it has passed, 
it is frequently founded upon some fragmentary truth. There 
are floating in the minds of men certain ideas which are not the 
result of any associations drawn from things around ; we reckon 
them amongst the mysteries of our being. May they not be the 
truths of a former world, of which we receive the dim outsbad- 
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owing in tbe pesent, like the faint lights of a distant Pharos, 
seen through the mists of the wide ocean ? 

Man treads upon the wreck of antiquity. In times which are 
so long past, that the years between them cannot be numbered 
by the aids of our science, geology teaches us that forms of life 
existed perfectly fitted for the conditions of the period. These 
performed their offices in the great work ; they passed away, 
and others succeeded to carry on the process of building a world 
for man. The past preaches to the present, and from its mar- 
vellous discourses we yenture to infer something of the yet 
unveiled future. The forces which have worked still labour : 
the phenomena which they have produced will be repeated. 

Ages on ages slowly pass away, 

And nature marks their progress by decay. 

The plant which decks the mountain with its bloom. 

Finds in the earth, ere long, a wasting tomb : 

And man —r the great, the generous, and the brave — 

Seeks in the soil, at last, a silent grave. 

The chosen labours of his teeming mind 

Fade with the light, and crumble with the wind ; 

AAd e'en the hills, whose tops appear to shroud 

Their granite peaks deep in the vapoury cloud, 

Melt slowly down to fill th* extended plains, 

"Worn by the breezes — wasted by the rains. 

Earth sinks in ocean — seas overwhelm the land ; 

But 'neath the powers of the empyreal band — 

Who, ever working at creation's wheel, 

From the rude wrecks of matter still reveal 

Forms of excelling beauty — earth will rise 

Pure as the flame from love's own sacrifice, 

And, beaming with the brightest smile of youth. 

Proclaim mutation as the eternal truth. 
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CHAPTER XIV. 

PHENOMENA OF VEGETABLE LIFE. 

Pfjchology of Flowers — Progress of Hatter towards Organization — 
Vital Force — Spontaneous Generation — The Vegetable Cell — Sim- 
plest Derelopment of Organization — The Crystal and the Cell-^ 
Primitiye Germ — Progress of Vegetation — Influence of Light — 
Morphology — Germination — Production of Woody Fibre — Leaves 
— -Chlorophylle — Decomposition of Carbonic Acid — Influence of 
Light, Heat, and Actinism on the Phenomena of Vegetable Life — 
Flowers and Fruits — Etiolation — Changes in the Sun's Rays with 
the Seasons — Distribution of Plants — Electrical and Combined 
Physical Powers. 

The variety of beautiful forms which cover the surface of this 
sphere serve, beyond the physical purposes to which we have 
already alluded, to influence the mind, and give character to the 
inhabitants of every locality. There are men who appear to be 
dead to the mild influences of flowers ; but these sweet blossoms 
— the stars of our earth — exert a power as diffusive as their 
pervading odours. 

The poet tells us of a man to whom 

The primrose on the river's brim 
A yellow primrose was to him, 
And it was nothing more. 

But it was something more. He, perhaps, attended not to the 
eloquent teaching of its pure, pale leaves : he might not have 
been conscious of the mysterious singing of that lowly flower : 
he might, perchance, have crushed it beneath his rude foot rather 
than quaflf the draught of wisdom which it secreted in its cell ; 
but the flower still ministered to that mere sensualist, and in it9 
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strange, toDgneless manner, reproved his passions, and kept him 
" a wiser and a better man," than if it had pleased God to have 
left the world without the lovely primrose. 

The psychology of flowers has found many students — than 
whom not one read them more deeply than that mild spirit who 
sang of the Sensitive Plant, and in wondrous music foreshadowed 
his own melancholy fate.(^) That martyr to sensibility, Keats, 
who longed to feel the flowers growing above him, drew the 
strong inspiration of his volant muse from those delicate crea- 
tions which exhibit the passage of inorganic matter into life ; and 
other poets will have their sensibilities awakened by the aesthetics 
of flowers, and find a mirror of truth in the crystal dew-drop 
which clings so lovingly to the purple violet. 

If we examine carefully all the conditions of matter which we 
have made the subject of our studies, we cannot but perceive 
how gradual is the progress oi the involved action of the physi- 
oal forces, as we advance from the molecule — the mer^ particle 
of matter — up to the organic combination. At first, we detect 
only the action of cohesion in forming the rude mass ; then we 
have ihe influence of the crystallogenic powers giving a remark- 
able regularity to bodies ; we next discover the influences of heat 
and electrical force in determining condition, and of chemical 
action as controlled by them. Yet, still, w« have a body without 
organization. Light exerts its mysterious powers ; and the same 
elements assume an organized form; and, in addition to the 
recognized agencies, we perceive others on which vitality evident^ 
ly depends. These empyreal influences become more and m<»:e 
complicated to us : ascending in the scale, they rise beyond our 
science; and, at length, we find them guiding the powers of 
intelligence, while instinct and reason are exhibited in immediate 
dependence upon them. 

Let it not be imaged that this view has any tendency to 
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materialism. The vital energy is regarded as a spiritualizatioii, 
and reason as a divine emanation ; bat they are connected with 
materialities, on which they act, and by which they are them- 
selves controlled. The organic combinations, and the physical 
powers by which these unions of matter are effected and retained, 
have a direct action over that ethereality which gives life, and 
the powers of life again control these more material forces. 
The spirit^ in whatever state, when connected with matter, is 
like Prometheus chained to his rock, in a constant straggle to 
escape from his shackles, and assert the fall power of its divine 
strength. 

We have seen variety enoagh in the substances which make up 
the inorganic part of creation ; but infinitely more varied are the 
forms of organization. In the vegetable world which is imme- 
diately around us, from the green slime of our marshes to the 
lustrous flowers of our gardens and the lordly trees of our forests, 
what an extraordinary diversity of form is apparent ! From the 
infusoria of an hour, to the gigantic elephant roaming in his 
greatness in the forests of Siam — the noble lion of the caves of 
Senegal — the mighty condor of the Andes — and onward to 
man, the monarch of them all, how vast are the differences, and 
yet how complete are they in their conditions ! In the creation 
we have examined, we have had conclusive evidence, that from 
the combination of atoms every peculiar form has been produced. 
In the creation we are about to examine, we shall discover that 
all the immense diversity of form, of colour, and condition which 
is spread over the world in the vegetable and animal kingdoms, 
results from the combination of cells. The atom of inorganic 
nature becomes a cell in organic creatioii. This cell must be 
regarded as the compound radical of the chemist, and by decom- 
posing it, we destroy the essential element of organization. 

With the mysterious process by which the atom is converted 
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into a cell, or a compound radical, we are nnacqaainted ; but we 
most regard the cell as the organic atom. It is in vain that 
the chemist or the physiologist attempts to examine this change 
of the inorganic elements to an organized state ; it is one of the 
mysteries of creation, which is to be, in all probability, hid from 
oar eyes, until this '' mortal coil " is shaken off, and we enjoy 
the fall powers of intelligence in oar immortal state. 

Again and again has the attention of men been attracted to 
the generatio aquivoca ; they have sometimes thought they have 
discovered a gtnercUio primitiva or spontanea; but a more care- 
ful examination of these organisms has shown that an embryo 
existed — a real germination has taken place. 

Count Eumford(^) stated that threads of silk and wool 
bad the power of decomposing carbonic acid in water in the sun- 
shine ; and hence, some have referred organization to a mere 
chemical change produced by luminous excitation ; and we have 
heard of animal life resulting from pounded siliceous matter. All 
such statements must be regarded as evidences of imperfect in- 
vestigation. 

Dr. Carus, alluding to the experiments of Gruithuisen, Priest- 
ley, and Ingenhousz,(^) says: "These show, more than any 
other experiments, that, in the purest water, under the influence 
of air, light, and heat, beings are formed, which, oscillating as it 
were between the animal and the plant, exhibit the primitive 
germs of both kingdoms. "(^) Treviranus(^) repeated, and 
appeared to confirm these results ; but in these experiments we 
have no evidence that the germ did not previously exist in the 
spring-water which was employed. 

Some have regarded the cell as a crystal ; they see the crystal 
forming, by the accumulation of atoms, into a fixed form, under 
the influence of an ''inner life ;" and, advancing but a step, 
they regard the cell as the result of an increased exercise of the 
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physical inflaences. C^) We have referred cryBtalline form to 
certain magnetic conditions ; and it is evident that every atom of 
the cell is influenced by similar conditions ; but if we place a 
crystal in its natural flnid, tbongh it increases in rize, it never 
alters in form : whereas, if we place a cell in its natural 
position, it givM indications of motion, it unites with other cells, 
and we have a development of organs which are in no respect the 
same in form as the original. From a vesicle floating invisible 
to the unaided human sense in its womb of fluid, is produced a 
plant possessing strange powers, or an animal ^fted with volition. 
The idea, that two kinds of polarity — light on one side, and grav- 
itation on the other — produce the two peculiar developments 
of roots and branches, can only be regarded as one of those 
fanciful analogies which prove more ima^nation than philoso- 
phy.O 

The conditions are, however, most curious ; they deserve very 
attentive study; but in examining the phenomena, the safest 
course is to allow the effects as they arise to interpret to us, and 
not admit the love of hypothesis to lead us into bewildering 
analogies; or uncertain phenomena to betray us to hasty in- 
ferences. It is of this evil that Bacon speaks, in his "Advance- 
ment of Learning." He says : — 

** The root of this error, as of all others, is this, that men, in 
their contemplations of nature, are accustomed to make too timely 
a departure, and too remote a recess from experience and par- 
ticulars, and have yielded and resigned themselves over to the 
fumes of their own fancies and popular argumentations." 

Without venturing, therefore, to speculate on the origin of the 
primitive cell, or unit of vegetable life, which involves the prob- 
lem of the metamorphosis of a rude mass — the primitive trans- 
formation of the rudimentary atoms into organic form — we most 
admit that the highly organized plant is but an aggregation of 
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these celb; their arrangement being dependent upon certain 
properties peculiar to them, and the exercise offerees such as we 
have been studying, — all of which appear to act externally to 
the plant itself. 

Experiments have been brought forward in which it appeared 
that, after all organization which could by any possibility exist 
had been destroyed by the action of fire, solutions of flint and 
metallic salts haye, under the influence of electric currents, 
exhibited rigns of organic formations, and that, indeed, insects 
— a species of acari— have been deveToped in them. The 
experiments were made with care, and many precautions taken 
to cut oflT all chances of any error, but not all the precautions 
required in a matter of such exceeding delicacy ; and we are 
bound not to receive the evidence yet afforded as the true expres- 
sion of a fact without much further investigation. All experience, 
setting aside the experiment named, is against the supposition 
that pounded or dissolved flint could by any artificial means be 
awakened into life. Ova may have been conveyed into the ves- 
sels which contained the solutions under experiment ; and in due 
time, although possibly quickened by electric excitation, the 
animals — the most common of insects — came into existence. (^•) 

The rapid growth of confervae upon water, has often been 
brought forward as evidence of a spontaneous generation, or the 
conversion of inorganic elements into organic forms ; but it has 
been most satisfectorily proved that the germ must be present, 
otherwise no evidence of anything like organization will be 
deve oped. All the conditions required for the production of 
vegetable life appear to show, that it is quite impossible for any 
kind of plant, even the very lowest in the scale, to be formed in 
any other way than from an embryo in which are contained the 
elements necessary for it, and the arrangements required for the 
various processes which are connected with its vitality. 
24 
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The earth b now covered with vegetable life, but there must 
have existed a time when " darkness was upon the face of the 
deep," and organization had not yet commenced tracing its 
lovely network of cells upon the bare sur&ce of the ocean-buried 
rock. At length the mystery of organic creation began : into 
this science dares not penetrate, but it is privileged to begin its 
search a little beyond this point, and we are enabled to trace the 
progress of organic development through a chain of interesting 
results which are constantly recurring. 

If we take some water, rising from a subterranean spring, 
and expose it to sunshine, we shall see, after a few days, a curi- 
ous formation of bubbles, and the gradual accumulation of green 
matter. At first, we cannot detect any marks of organization — 
it appears a slimy cloud of an Irregular and undetermined form. 
It slowly aggregates, and forms a sort of mat over the surface, 
which at the same time assumes a darker green colour. Careful 
examination will now show the original corpuscles involved in 
a network formed by slender threads, which are tubes of circu- 
lation, and may be traced from small points which we must 
regard as the compound atom, the vegetable unit. We must not 
forget, here, that we have to deal with four chemical elements, 
oxygen, hydrogen, carbon, and nitrogen, which compose the world 
of organized forms, and that the water affords us the two first as 
its constituents, gives us carbon in the form of carbonic acid dis- 
solved in it, and that nitrogen is in the air surrounding it, and 
frequently mixed with it also. 

Under the influence of the light, we have now seen these 
elements uniting into a mysterious bond, and the result is the 
formation of a cellular tissue, which possesses many of the func- 
tions of the noblest specimens of vegetable growth. But let us 
examine the progress. The bare surface of a rock rises above 
the waters covered over with this green slime, a mere veil of del- 
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icate network, which, drying off, leaves no perceptible trace 
behind it ; bat the basis of a mighty growth is there, and under 
solar influence, in the process of time, other changes occur. 

After a period, if we examine the rock, we shall find upon its 
face little coloured cups or lines with small hard discs. These, 
at first sight, would not be taken for plants, but on close exami- 
nation they will be found to be lichens. These minute vegetables 
shed their seed and die, and from their own remains a more 
numerous crop springs into life. After a few of these changes, a 
sufficient depth of soil is formed, upon which mosses begin to de- 
velope themselves, and give to the stone a second time a faint tint 
of green, a mere film still, but indicating the presence of a beauti- 
ful class of plants, which, under the microscope, exhibit in their 
leaves and flowers many points of singular elegance. These mosses, 
like the lichens, decaying, increase the film of soil, and others of 
a larger growth supply their places, and run themselves the same 
round of growth and decay. By and by, funguses of various kinds 
mingle their little globes and umbrella-like forms. Season after 
season plants perish and add to the soil, which is at the same time 
increased in depth by the disintegration of the rock over which 
it is laid, the cohesion of particles being broken up by the opera- 
tions of vegetable life. ' The minute seeds of the ferns floating on 
the breeze, now find a sufficient depth of earth for germination, 
and their beautiful fronds, eventually, wave in loveliness to the 
passing winds. 

Vegetable forms of a higher and a higher order gradually suo* 
ceed each other, each series perishing in due season, and giving 
to the soil additional elements for the growth of plants of their 
own species or those of others. Flowering herbs find a genial 
home on the once bare rock ; and the primrose pale, the purple 
foxglove, or the gaudy poppy, open their flowers to the joy of light. 
The shrub, with its hardy roots interlaced through the soil, and 
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binding tbe veiy stones, lose xicli in its bright greeneiy. Evento- 
ally, the tree springs £rom the soil, and where once the tempest 
beat on the bare cold rock, is now the lordly and brandling mon- 
arch of the forest, with its thousand leaves, affording shelter from 
the storm for bird and beast 

Such are the conditions which prevail throughout nature in the 
progress of yegetable growth : the green matter gathering on a 
pond, the mildew accumulating on a shaded wall, being the com- 
mencement of a process which is to end in the development of 
the giant trees of t]ie forest, and the beautifuUj tinted flower of 
naturo's most diosen spot 

We must now consider closely the phenomena connected with 
the growth of an individual plant, which will illustrate the opera- 
tion of physical influences throughout the vegetable world. The 
process by which the embryo, secured in the seed, is developed, 
is our first inquiry. 

An apparontly dead grun is placed in the soiL If the temr 
perature is a few degrees above the freezing point, and holds a 
due quantity of water, the integument of the seed imbibes mois- 
turo and swells ; the tissue is softened, and the first eflSbrt of 
vital f(»rce begins. The seed has now the power of decomposing 
water, the oxygen combines with some of the carbcm of the seed, 
and is expelled as carbonic add. This part of the process is but 
little removed from the merely chemical changes which we have 
alroady considerod. We find the staroh of the seed changed 
into sugar, which affi»ds nutritive food for the developing 
embryo. The seed now lengthens downwards by the radicle, 
and upwards by the cotyledons, which, as they rise above the 
earth, acquire a green colour. Carbonic acid is no longer given 
off. These cotyledons, which are two opposite roundish leaves, 
act as the lungs ; by them carbonic acid is conveyed to the roots, 
it is ciurried by a ciroulating process now in fiill activity through 



Digitized by VjOOQ iC 



GROWTH or THE PLANT. 281 

the joaDg plant, it is deprived of its carbon, and oxygen is 
exhaled from it. The plant at this period is little more than 
an arrangement of cellnlar tissue, a very slight development of 
vascular and fibrous tissue appearing as a cylinder lying in the 
centre of the sheath. At this point, however, we begin distinctly 
to trace the operations of a new power ; the impulses of life 
are evident. 

The young root is now lengthening, and absorbing from the 
moisture in the soil, which always contains some soluble salts, a 
portion of its nutriment, which is impelled upwards by a force — 
probably capillary attraction and endosmose action combined — to 
the point from which the plumule springs. The plumule first 
ascends as a little twig, and, at the same time, by exerting a 
more energetic action on the carbonic acid than the cotyledons 
have done, the carbon retained by them being only so much as is 
necessary to form chlorophylle, or the green colouring matter of 
leaves, some wood is deposited in the centre of the radicle. 
From this time the process of lignification goes on through all the 
&bric, — the increase, and indeed the life, of the plant depend- 
ing upon the development of a true leaf from the plumule. 

It must not be imagined that the process consists, in the first 
place, of a mere oxidation of the carbon in the seed, — a slow 
combustion by which the spark of life is to be kindled ; — the 
hydrogen of the water plays an important part, and, combining 
also with the carbon, forms necessary compounds, and by a 
secondary process gives rise again to water by combination with 
oxygen in the cells of the germinating grain. Nor must we 
regard the second class of phenomena as mere mechanical 
pr(x$esses for decomposing carbonic acid, but the result of the 
combined influences of all the physical powers and life 
superadded. 

This elongating little twig, the plumule, at length unfolds 
24* 
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itaelff and the bnnoh u metamorphoBed into a leaf. The leaf 
aerates the sap it reeeives, efiacta the deeompositioa oi the 
oarhomo add, the water, and in all probahiHty the ammonia which 
}t derives from the air, and thus retoms to the pores, which 
oommanicate with the pnenmatio arrangements of the plant, the 
necessary secretions for the formation of bark, wood, and the 
Tarious proximate principles which it contains. 

After the first formation of a leaf, others snooesuTely ^pear, 
all constructed alike, and performing similar functions. The 
leaf is the principal organ to the tree ; and, indeed, Linns&us 
divined, and Ooethe demonstrated, the beautiful £ust, that the 
tree was developed firom this curiously-formed organ. 

'' Keeping in view," says the poet-philosopher, '< the daaer- 
vations that have been made, there will be no difficulty in 
discovering the leaf in the seed-vessel, notwithstanding the 
variable structure of that part and its peculiar ocHnbinations^ 
Thus the pod is a leaf which is folded up and grown toge^r at 
its edges, and the capsules consist of several leaves grown 
together, and the compound fruit is composed of several leaves 
united round a common centre, their sides being opened so as to 
form a communication between them, and their edges adhering 
together. This is obvious from capsules which, when ripe, split 
asunder, at which time each portion is a separate pod. It is 
also shown by different species oi one genus, in which modifica- 
tions exist of the principle on which their fruit is formed; for 
instance, the capsule of nigilla ortentalts consists of pods 
assembled round a centre, and partially united ; in nigilla 
damascena their union is complete. "(^) 

Professor Lindley thus explains the same view : " Every 
flower, with its peduncle and bracteolse, being the development of 
a flower-bud, and flower-buds being altogether analogous to leaf- 
buds, it follows as a corollary that every flower, with its peduncle 
and bracteolse, is a metamorphosed branch. 
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" And, further, the flowers being abortive branches, whatever 
the laws are of the arrangement of branches with respect to each 
other, the same will be the laws of the flowers with respect to 
each other. 

** In consequence of a flower and its peduncle being a branch 
in a particular state, the rudimentary or metamorphosed leaves 
which constitute bractesd, floral envelopes, and sexes, are subject 
to exactly the same laws of arrangement as regularly-formed 
leaves.'X"'^) 

The idea that the leaf is the principal organ of the plant, and 
that from it all the other organs are probably developed, is 
worthy the genius of the great German poet. 

Every leaf, a mystery in itself, is an individual gifted with 
peculiar powers; they congregate in funilies, and each one 
ministers to the formation of the branch on which it hangs, and 
to the main trunk (^ the tree of which it is a member. The tree 
represents a world, every part exhibiting a mutual dependence. 

" The one red leaf, the last of its clan. 
That dances as often as dance it can ; 
Hanging so light and hanging so high, 
On the topmost twig that looks up at the sky," 

is influenced by, and influences, the lowest root which pierces the 
humid soil. Like whispering voices, the trembling leaves sing 
rejoicingly in the breeze and summer sunshine, and they tremble 
alike with agony when the autumnal gale rends them from the 
parent stalk. The influences which pervade the whole, making 
up the sum of vital force, are disturbed by every movement 
throughout the system ; a wound on a leaf is known to disturb 
the whole, and an injury inflicted on the trunk interferes with the 
processes which are the functions of every individual leaf. (^*) 

The consideration of the physical circumstances necessary to 
germination and vegetable growth, brings us acquainted with 
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many remarkable facto. At a temperature below the freerang 
point, seeds will not germinate ; at the boiling point of water, a 
chemical change is produced in the grain, and its power of germ- 
inating is destroyed. Heat, therefore, is necessary to the 
development of the embryo, but its power mnst only bo exerted 
within certain prescribed limits : these limits are only constant 
for the same class of seeds, they vary with almost every plant. 
This is apparent to every one, in the diflferent periods required 
for germination by the seeds of dissimilar vegetables. 

The seed is placed in the soil ; shade is always — absolate 
darkness sometimes — necessary for the success of the germinat- 
ing process. We have seen that the first operation of nature 
is peculiarly a chemical one, but this manifestation of affinity 
is due to an exertion of force, which is directly dependent upon 
solar power. If seeds are placed under all the necessary condi- 
tions of warmth and moisture, but exposed to unmixed light, 
they will not germinate ; but if we obstruct the luminous rays, 
allowing the chemical power to act, which is to be done by the 
interposition of blue glass, the birth of the young plant proceeds 
without any interruption. But let us take a truly natural exam- 
ple. The seed is buried in the soil, when the genial showers of 
spring, and the increasing temperature of the earth, furnish the 
required conditions for this chemistry of life, and the plant event- 
ually springs into sunshine. If, however, we place above the 
soil a yellow glass, — which we have shown possesses the property 
of separating light from actinism or chemical power, — and thus 
consequently insure the influence of only light and heat upon 
the soil, no seeds will germinate. If, on the contrary, a blue 
medium is employed, by which actinic power, freed from the 
interference of light, is rendered more active, germination takes 
place more readily than usual. Thus we obtain evidence that 
even through some depth of soil this peculiar solar power is effi- 
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cient, and that under iia excitement the first spring of Ufe, in 
the germ, is effected. 

The cotyledons -and the plumule being formed, Uie plant 
undergoes a remarkable change. The seed, like an animal, 
absorbed oxygen and exhaled carbonic acid; the first leayes 
secrete carbon from carbonic acid inspired, and send fi»th, as 
useless to the plant, an excess of oxygen gas. 

This power of deccnnposing carbonic acid is a vital function 
which belongs to the leaves and bark. It has been stated, on 
the authority of Liebig, that during the night the plant acts only 
as a mere bundle of fibres, — that it allows of the circulation of 
carbonic acid and its evaporation, unchanged. In his eagerness 
to support his chemical hypothesis of respiration, the able chemist 
neglected to inquire if this was absolutely correct. The healthy 
plant never ceases to d^ompose carbonic acid ; but, during the 
night, when the excitement of light is removed, a much less 
quantity is decomposed, than when a stimulating sun, by the ao- 
ticm of its rays, is oompelUng the exertion of every vital function. 

During this process, we have another example of naitural 
organic chemistry. The three inorganic elements of which the 
vegetable kingdom is composed, oxygen, hydrogen, and ewbon, 
areabscNrbed as air or moisture by the leaves or through the 
rooia, and the great phenomenon of vegetable life is the conver- 
sion of these to an organic condition. Sugar and gum are 
eonstantly produced, and from these, by combination with a lit- 
tle atmospheric nitrogen, a proteine compound is formed, which 
is an essential element in the progress of development. (^) 

Plants growing in the light are beautifully green, Uie intensity 
of colouring increasing with the brilliancy of the light. Those 
which are grown in the dark are etiolated, their tissues are weak 
and succulent, their leaves of a pale yellow. It is, therefore, evident 
that the formation of this ohlorophylle — as the green colour- 
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ing matter of leaves is called — resulte from some action deter- 
mined by tbe sun's rays. 

Chlorophylle is a carbonaceous compound, formed in the leaves, 
serving, it would appear, many purposes in the process of assimi- 
lation. In the dark, the plant still requires carbon for its further 
development, and growing slowly, it removes it from the leaves, 
decomposing the chlorophylle, and supports its weak existence by 
preying on parts of its own structure, until at length, this being 
exhausted, it actually perishes of starvation. 

This principle is effected in nature by the agency of light, the 
luminouB principle^ as distinguished from radiant heat, actinism, 
or electricity. That power which is most active in the develop- 
ment of the germ, will not produce the excitement necessary for 
the decomposition of carbonic acid and the secretion of carbon ; 
and under the influence of radiations which have permeated blue 
media, the plant grows in a succulent state, the formation of 
wood being exceedingly small. Of course, each of the element- 
ary forces plays an important part in the progress of growth : 
every power of the solar beam is necessary : the light to excite 
the plant to decompose carbonic acid, and heat and actinism to 
produce the formation of many of the peculiar juices natural to 
the various species. Plants always turn towards the light : the 
guiding power we know not, but the evidence of some impulsive 
or attracting force is strong ; and the purpose for which they are 
constituted to obey it, is proved to be the dependence of vegeta- 
ble existence upon luminous power. 

Light is not, however, alone sufficient to perfect the plant : 
another agent is required to aid in the production of flowers and 
fruits, and this power is proved to be heat in some peculiar con- 
dition. Neither under the influence of the actinic or the lumin- 
ous rays, as isolated by coloured media, will the plant produce 
flowers ; but having reached that point of development when the 



Digitized by VjOOQ iC 



CALOBIFIO INFLUXNOJB. 287 

reproductiTe functions are, by another change in the chemical 
operations going jon within the vegetable structure, to be called 
forth, it has been found that tho heat-rays, as completely sepa- 
rated as it is possible for them to be by red media, become in a 
remarkable manner effective. It has also been observed that 
plants bend from the red, or calorific rays, instead of towards 
them, as they are found to do to every other ray of the spectrum. 
From this we may argue that the influence of these rays is to 
cbeck the vegetative processes, and thus to insure the perfection 
of the reproductive organs. 

Observations, which have been extended over many years, prove 
that with the seasons these solar powers are, relatively to each 
other, subject to an interesting change. In the spring, the actinic 
power prevails, and during this period its agency is required for 
the development of the germ. As the summer comes on, the ac- 
tinic rays diminish, and those of light increase. We see the 
necessity for this, since luminous power is required for the secre- 
tion of the carbon, with which the woody fibre is formed, and 
also for the elaboration of the proximate principles of the plant. 
Autumn, the season of fruit, is characterized by an increase of 
the heat-rays, and a diminution of the others : this change being 
necessary, as science now teaches us, for the due production of 
flower and fruit. 

The calorific rays of the solar beam, to which the autumnal 
phenomena of vegetation appear particularly to belong, are of a 
peculiar character ; they exhibit a curious compound nature, and, 
to distinguish them from the purely calorific principle, they have 
been called the Parathermic rays. (^) To these rays we may 
refer the ripening of fruit and grain, and the browning of the leaf 
before its fall. May not the rise of the sap in spring be traced to 
the excitement of either light or actinism, and its recession, in 
the autumn, to that power from which tho plant is found to bend, 
and which appears to be a modified form of heat ? 
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There can be no doabt tliat the Tarietiei of climate and the 
peouliaritieB of ooontries, as it legaida their animal and vegetable 
prodnctiona, are dependent on the same canaea. In eyeiy aone 
we find that vegetable organization is peculiarly fitted for the con- 
ditions by which it is sorroanded. Under the equator, we have 
the spice-bearing trees, the nutmeg, the dove, the cinnamon, and 
the pepper-tree ; there we have also the od<»iferous sandal, the 
ebony, the banyan, and the teak ; we have frankincense, and 
myrrh, and other incense-bearing plants ; the coffee-tree, the tea- 
plant, and the tamarind. 

A little further north we have the apricot, the citron, the peach, 
and the walnut In Spun, Sicily, and Italy, we have the orange 
and lemon-tree blooming rich with perfume, and the pomegranate 
and the myrtle growing wild upon the rocks. Beyond the Alps, 
the vegetation again changes ; instead of the cypress, the chest- 
nut, and the cork-tree, which prevail to the south of them, we 
have the oak, the beech, and the elm. Still furth^ north, we 
have the Scotch and spruce fir and larch. On the northern 
shores of the Baltic, and in that line of latitude, the haael alone 
appears ; and beyond this the hoary alder, the sycamore, and the 
mountain ash. Within the Arctic drcle we find the mezerenm, 
the water-lilies, and the globe-flowers ; and^ when the intensity 
of the northern cold becomes too severe even for these, the rein- 
deer moss still lends an aspect of gladness to the otherwise sterile 
soil. 

The culUvation of vegetables depends on the temperature of 
the clime. The vine flourishes where the mean annual temper- 
ature ranges between 50^ and 73^, and it is only cultivi^ed prof- 
itably within SO"" S. and 50^ N. of the equator. To the same 
limits is confined the cultivation of maize and of olives. Cotton 
b grown profitably up to latitude 4&* in the Old World, but 
only up to 40^ in the New. We have evidence derived from 
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photograph ic phenomena, that the constitution of the solar rays 
varies with the latitude. The effects of the sun's rays, in 
France and England, in producing chemical change, are infinitely 
more decided than, with far greater splendour of light, they are 
found to be in the lands under or near the equator. 

Fun gals are among the lowest forms of vegetation, but in these 
we have peculiarities which appear to link them with the animal 
kingdom. Marcet found that mushrooms absorbed oxygen, and 
disengaged carbonic acid. In all probability, this is only a chem- 
ical phenomenon of a precisely similar character to that which 
we know takes place with decaying wood. In the conversion of 
wood into humus, oxygen is absorbed, and combining with the 
earbon, it is evolved as carbonic acid. Of course, we have the 
peculiar condition of vitality to modify the effect, and we have, 
too, in this class of plants, the existence of a larger quantity of 
nitrogen than is found in any other vegetating substance. 

These few sketches of remarkable phenomena connected with 
vegetation, are intended to show merely the operations of the 
physical powers of the universe, so far as we know them, upon 
these particular forms of organization. During the process of 
germination, electricity is, according to Pouillet, evolved ; and 
again, in ripening fruits, there appears to be some evidence of 
electrical currents. Vegetables are, however, in the growing 
state, such good conductors of electricity, that it is not, according 
to the laws of this force, possible that they should accumulate it, 
80 that the luminous phenomena stated to have been observed 
cannot be due to this agency. We know, however, that under 
every condition of change, whether induced by chemical or 
calorific action, electricity is set in motion ; and we have reasons 
for believing that the excitation of light will also give rise to 
electrical circulation. 

The question, whether plants possess sensation, whether they 
2.5 
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have any dispositioii of parts at all analogous to the nervous 
Bjstem of animals, has been often put forward, but as yet the 
answers have been unsatisfactory. The point is one well worthy 
all the attention of the vegetable physiologist ; but, regarding 
plants as the link between the animal and the mineral kingdom, 
•—looking upon phyto-chemistry, as exhibited by them, as the 
means employed to produce those more complex organizations 
which exist in animals, — we necessarily consider plants as mere 
natural machines for effecting organic arrangements, and, as 
such, that they cannot possess any nervous sensibility. Muscular 
contraction may be represented in many of their marvellous 
arrangements; and any disturbance produced by natural or 
artificial means, would consequently e£fect a change in the 
operation of those forces which combine to produce vegetable 
life. Indeed, the experiments of Carlo Matteucci, already 
referred to, prove that an incision across a leaf, the fracture of a. 
branch, or the mere bruising of any part of the plant, interferes 
with the exercise of that power which, under the operation 
of luminous agency, decomposes carbonic acid, and effects the 
assimilation of the other elements. 

To recapitulate. A plant is an organized creation ; it is so in 
virtue of certain strange phyto-chemical operations, which are 
rendered active by the solar influences involved in the great 
phenomena of light, and by the excitation of caloric force and 
electrical circulation. It is a striking exemplification of the 
united action of certiun empyreal powers, which give rise to the 
combination of inorganic principles under such forms that they 
become capable of obeying the mysterious impulses of life. 

The poet has imaged the agency of external powers in vari- 
ous shapes of spiritualized beauty. From the goddess Flora, 
and her attendant nymphs, to the romantic enchantress who 
called up flowers by the light touch of her wand, we have, in all 
these creations, foreshadowings of the discovery of those powers 
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which science has shown are essential to vegetable life. A 
power from without influences the plant ; but the animal is 
dependent upon a higher agency which is potent within him. 

The poet's dream pleases the imaginative mind ; and, associat- 
ing in our ideas all that is graceful and loVeable in the female 
form, with that diviner feeling which impresses the soul with the 
sense of some unseen spirituality, we perceive in the goddess, 
the enchantress, or the sylph, pure idealizations of the physical 
powers. The spirit floating over these forms of beauty, and 
adorning them with all the richness of colour — painting the 
rose, and giving perfume to the violet — is, in the poet's mind, 
one which ascends to nearly the highest point of etherealization , 
and which becomes, indeed, to him, a spirit of light; they ride 
upon the zephyrs, and they float, in all the luxury of an empy- 
real enjoyment, down to the earth upon a sunbeam. Such is the 
work of the imagination. What is the result of the search of 
plodding science after truth ? The sunbeam has been torn into 
rays, and every ray tasked to tell of its ministry. 

Nature has answered to some of the interrogations ; and, pass- 
ing over all the earth, echoed from plant to plant, we have one 
universal cry, proclaiming that every function of vegetable life is 
due to the spirits of t e sun. 

The mighty Adansonia of Senegal, hoary with the mosses of five 
thousand years, — the Pohon upas in their deadly valleys, — the 
climbing lianas of the Guiana forests, — the contorted serpent- 
cactus on the burning hills, — the oaks, which spread their 
branches in our tempered climes, — the glorious flowers of the 
intertropical regions, and those which gem our virent plains, — 
the reindeer lichen of. northern lands, and the confervas of the 
silent pool, — the greatest and humblest creations of the veget- 
able world, — all proclaim their direct dependence upon the 
mysterious forces which are bound together in the silver thread 
of light. 
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CHAPTER XV. 

PHENOMENA OP ANIMAL LIFE. 

Distinction between the Kingdoms of Nature — Progress of Animal life 
— Sponges — Polypes — Infusoria — Animalcula — Phosphorescent 
Animals ^~ Annelidans ^~ Myriapoda — Animal Metamorphoses — 
Fishes — Birds — Mammalia— Nervous System — Animal Electricity 
— Chemical Influences — Influence of Light on Animal Life — Animal 
Heat — Mechanical Action — Nerrous Excitement — Man and the 
Animal Races, &c. 

" A STONE grows ; plants grow and live ; animals grow, live, 
and feel." Such were the distinctions made by LinnsDus, be-> 
tween the conditions of the three kingdoms of nature. We 
cannot, however, but regard them as somewhat illogical. The 
stone — a solid mass of unorganized particles — enlarges, if 
placed in suitable conditions, by the accretion of other similar 
particles around it ; but it does not, according to any of the 
senses in which we use the word, ^row. Plants and animals 
grow; and they differ, probably, only in the phenomena of 
sensation. Yet, the trembling mimosa, and several other plants, 
appear to possess as much feeling as sponges and some of the 
lower classes of animals. By this definition, however, of the 
celebrated Swedish naturalist, we have a popular and simple 
expression of a great fact. 

As we have only to examine the question of the agency of 
the physical forces upon animal life, we must necessarily confine 
our attention to the more striking phenomena with which science 
has made us acquainted ; and, having briefly traced the apparent 
order in which the advance of organization proceeded, we must 



Digitized by VjOOQ iC 



CHANGES IN ORGANIC FORMS. 293 

direct our few concluding remarks to the physico-pbysiological 
influences, which we must confess to know but too imperfectly. 

We learn that, during the states of progress which geology, 
looking into the arcana of time, has made us acquainted with, a 
great variety of animal forms were brought into existence. They 
lived their periods. The conditions of the surface, the sea, or 
the atmosphere were altered ; and, no longer fitted for the enjoy- 
ments of the new life, these races passed away, and others 
occupied their places, which, in turn, went through all the stages 
of growth, maturity, and decay ; until at length, the earth being 
fitted for the abode of the highest order of animals, ihey were 
called into existence ; and man, the intellectual monarch of the 
world, was placed supreme amongst them all. Types of nearly 
all those forms of life which are found in the fossil state are now 
in existence ; and if we examine the geographical distribution of 
animals — the zones of elevation over the surface of the earth, 
and the zones of depth in the ocean, — we shall find, now exist- 
ing, animal creations strikingly analogous to the primitive forms 
and conditions of the earth's inhabitants. From the depths of 
the ocean we may even now study — as that most indefatigable 
naturalist. Professor Edward Forbes, has done — the varying 
states of organization under the circumstances of imperfect light 
and varying temperature (^) 

The gradual advance of animal life in the ascending strata 
has led to many speculations, ingenious and refined, on the pro- 
gressive development of animals. That the changes of the 
inorganic world impressed new conditions on the organic struc- 
tures of animals, to meet the necessities of their being, must be 
admitted. Comparative anatomy has demonstrated that such 
supposed differences really existed between the creatures of the 
secondary formations and those of the tertiary and the present 
periods. It has been imagined, but upon debatable foundations, 
25* 
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that the atmosphere, during the secondary periods, was highly 
charged with carbonic acid; and, consequently, that though 
beneficial to the growth of plants, and peculiarly fitted for the 
conditions required by those which the fossil flora makes ua 
acquainted with, it was not adapted to support any animals above 
the slow-breathing, cold-blooded fishes and reptiles. Under the 
action of the super-luxuriant vegetation of these periods, this 
carbonic acid is supposed to have been removed, and an addition 
of oxygen furnished ; and thus, consequently, the earth gradu- 
ally fitted for the abode of warm-blooded and quick-breathing 
creatures. We do, indeed, find a very marked line between the 
fossil remains of the lias formations which enclose the saurians, 
and the wealden, in which birds make their appearance more 
numerously than in any previous formation. 

Founded upon these facts, speculations have been put forth 
on the gradual development of animals from the lowest up to 
the highest orders. Between the polype and man a continuous 
series has been imagined, every link of the chain being traced 
into connection with the one immediately succeeding it; and, 
through all the divisions, zoophytes, fishes, amphibia, reptiles, 
birds, and mammalia are seen, according to this hypothesis, to 
be derived by gradual advancement from the preceding orders. 
The first having given rise to amphibia, the amphibion gives 
birth to the reptile, the reptile advances to the bird, and from 
this class is developed the mammal. A slight investigation will 
convince us that this view has no foundation. Although a cei^ 
tain relationship may be found between some of the members of 
one class, and those of the other immediately joining it, yet this 
is equally discovered to exist towards classes more remote from 
each other ; and in no one instance can we detect anything like 
the passage of an animal of one class into an animal of another ; 
and until this is done, wc cannot but regard the forms of animal 
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life as distinct creations, each one fitted for its state of being, 
springing from tte command of the great First Cause. (^) 

But it is time we quit these speculative questions, and pro* 
ceed to the examination of the general conditions of animal life 
at the present time. 

Lowest in the scale of animals, and scarcely distinguishable 
from a vegetable, we find the sponge, attached to and passing its 
life upon a rock, exhibiting, indeed, less signs of feeling than 
many of the vegetable tribes. The chemical differences be- 
tween vegetables and sponges are, however, very decided ; and 
we find in their tissues a large quantity of nitrogen, a true ani- 
mal element, which exists, but in smaller quantities, in vegetables. 

These creations, standing between vegetable and animal life, 
possess the singular power of decomposing carbonic acid, as plants ; 
and the water in which they live always contains an excess of 
free oxygen. 

The polypes are a remarkably curious class. " Fixed in large 
arborescent masses to the rocks of tropical seas, or in our own 
climate attached to shells or other submarine substances, they 
throw out their ramifications in a thousand beautiful and plant- 
like forms ; or, incrusting the rocks at the bottom of the ocean 
with calcareous earth, separated from the water which bathes 
them, they silently build up reefs and shoals, justly dreaded by 
the navigator ; and sometimes giving origin, as they rise to the 
surface of the sea, to islands, which the lapse of ages clothes 
with luxuriant verdure, and peoples with appropriate inhabi- 
tants. "(^) Most of the polypes are fixed and stationary; but 
the hydra and some others have the power of changing their posi- 
tions, which they do in search of the light of the sun. They do 
not appear to have organs of sight requiring light ; but still they 
delight in the solar influences. The most extraordinary fact con- 
nected with the hydra is its being multiplied by division. If an 
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indEOon be made in the nde of a bydra, a young polype soon 
developes itself; and if one of these creatures be divided, it 
quickly restores the lost portion of its structure. The varieties 
of the polypes are exceedingly numerous, and many of them are 
in the highest degree curious, and often very beautiful. The 
actiniad, like flowers, appear to grow from the rocks, unfolding 
their tentaoula to the light ; and, in their eagerness for prey, 
they exhibit a beautiful play of colours, and most interesting 
forms. Microscopic zoophytes of the most curious shapes are 
found, — all of which attest, under examination, the perfection 
of all created things. 

Infusoria and animalcula, — animals, many of them^ appearing 
under the microscope as little more than a transparent jelly, — 
must be recognised as the most simple of the forms of life. 
They exist in all waters in uncountable myriads ; and, minute 
creatures as they are, it has been demonstrated that many of the 
great limestone hills are composed entirely of their remains. 

The acalephae, or the phosphorescent animals of the ocean, 
are no less curious. From creatures of the most minute size, they 
extend to a considerable magnitude, yet they appear to be little 
more than animated masses of sea-water. If any one of these 
sea-jellies, or jelly-fishes, as they are often called, is cast upon the 
shore, it is soon, by the influence of the sun, converted into a 
mere fibre no thicker than a cobweb : an animal weighing seven 
or eight pounds, is very soon reduced to little more than as many 
grains. There are numerous varieties of these singular creatures, 
most of which are remarkable for the powerful phosphorescent 
light they emit. The heroes and the pulmonigrade shine with an 
intense white light many feet below the surface, whilst the 
Cesium Veneris, or girdle of Venus, gliding rapidly along, 
presents, on the edge of the wave, an undulating riband of 
flame of considerable length. There can be no doubt that this 
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arises from the emission of phosphorescent matter of an nnimown 
kind from the bodies of these animals. 

The microscope has made us familiar with the mysteries of a 
minute creation which we should not otherwise have com- 
prehended. These creatures are found inhabiting the waters and 
the land, and they exist in the intestinal structure of plants and 
animals, preying upon the nutritive juices which pass through 
their systems. Although these beings are so exceedingly small 
that even the most practised observer cannot detect them with the 
naked eye, they are proved, by careful examination under the 
microscope, to be in many cases elaborately organized. Ehren- 
berg has discovered in them filamentary nerves and nervous 
masses, and even vessels appropriated to the circulation of fluids, 
showing that they belong really to a high condition of existence. 

Passing over many links in that curious chain which appears 
to bind the animal kingdom into a complete whole, we come to 
the articulata of Cuvier — the homogangliata of Owen. 

All those creatures which we have been hitherto considering, 
are too imperfect in the construction of their simple organizations 
to maintain a terrestrial' existence ; they are, therefore, confined 
to a watery medium. In the articulata, we have evidences of 
higher attributes, and indications of instincts developed in 
proportion to the increased perfection of organization. Com- 
mencing with the annelidans, all of which, except the earth- 
worms, are inhabitants of the waters, we proceed to the 
myriapoda, presenting a system intermediate in every respect 
between that of worms and insects ; we then find embraced 
in the same order, the class insecta, which includes flies and 
beetles of all kinds ; and, as the fourth division of articulated 
beings, the arachnidans, or spiders; and, lastly, the marine 
tribe of crustaceans. 

The most remarkable phenomena connected with these animals 
are the metamorphoses which they undergo. The female butter- 
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fly, for instance, lays eggs, vbicb, vhen hatched, produce cater- 
pillars: these live in thb state for some time, feeding apon 
Tegetables, and, after casting their skins as they increase in size, 
at last assume an entirely different state, and, dormant in their 
oblong case, they appear like dead matter. This chrysalis, or 
pupa, is generally preserved from injury by being embedded 
in the earth, from which, after a season, a beautifuUy perfect 
insect escapes, and, floating on the breeze of summer, enjoys its 
sunshine, and revels amidst its flowers. 

No less remarkable is the metamorphosis of the caducibraneh- 
iate amphibia, passing through the true fish condition of the tad- 
pole to the perfect air-breathing and four-footed animal, the frog. 

A metamorphosis of the crustaceans, somewhat similar to that 
which takes place in insects, has been of late years creating much 
discussion amongst naturalbts : but the question appears to be 
now settled by the careful and long-continued observations of Mr. 
Thompson, and Mr. B. C. Couch. 

A wide line of demarcation marks the separation of the 
invertebrata from the four great classes of vertebrate animals — 
fishes, reptiles, birds, and mammalia. Every part of the globe, — 
the ocean and the inland lake, — the wide and far- winding river, 
and the babbling stream, — the mountain and the valley, — the 
forest with its depth o shade, and the desert with its intensity of 
light, — the cold regions of the frost-chained north, and the fervid 
clime within the tropics -^ presents for our study innumerable 
animals, each fitted for the conditions to which it is destined ; and 
through the whole we find a gradual elevation in the scale of 
intelligence, until at last, separated from all by peculiar powers, 
we arrive at man himself. In each of these four classes, the 
animals are furnished with a bony skeleton, which is in the 
young animal little more than cartilage ; but, as growth increases, 
lime becomes deposited, and a sufficient degree of hardness is 
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thns produced to support the adult formation. Some anatomists 
have endeavoured to show that even in the mechanical structure 
of the bony fabrics of animals, -we are enabled to trace a gradual 
increase in the perfection of arrangement, from the fish until the 
most perfect is found in man. Many of the mammalia, however, 
are furnished with skeletons which really surpass that of man. 
These belong to animals which depend for subsistence upon 
their muscular powers, and with whom man is, in this particular, 
on no equality. What is the lord of the creation, compared with 
the antelope for fleetness, or with the elephant and many other 
animals for strength ? 

As we ascend the scale of animal life, we find a more perfectly 
developed nervous system ; and the relative size of the brain, 
compared with that of the brute, is found progressively to in- 
crease, until it arrives at the utmost perfection in man. On the 
system of nerves depends sensation, and there can be no doubt 
that the more exalted the order of intelligence displayed, the 
more exquisitely delicate is the nervous system. Thus, in this 
world, refined genius must necessarily be attended with a condi- 
tion of sensibility which, too frequently to the possessor, is a 
state of real disease. 

It must be evident to every reader that but very few of the 
striking features of animal life have been mentioned in the rapid 
survey which has been taken of the progress of animal organiza- 
tion. The subject is so extensive that it would be quite impossi- 
ble to embrace it within any reasonable limits ; and it furnishes 
matter so curious and so instructive, that, having once entered 
on it, it would have been difficult to have made any selection, 
and we must have devoted a volume to the ^Esthetics of natural 
science. Passing it by, therefore, with the mere outline which 
has been given, we must proceed to consider some of the condi- 
tions of vitality. 
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Bell has proved that one set of nerves is employed in convey- 
ing sensation to the brain, and another set in transferring the de- 
sires of the will to the muscles. By the separation of the main 
branch of one of the nerves of sensation, although all the operations 
of life will still proceed, the organ to which that nerve goes is 
dead to its particular sense. In like manner, if one of the nerves 
of volition is divided, the member will not obey the inclination 
of the brain. It is evident, therefore, although many of the 
great phenomena of vital force are dependent on the nervous 
system, and the paralysis of a member ensues upon the separation 
or the disease of a nerve, that the nerves are but the channels 
through which certain influences are carried. The vis vitm, or 
vital principle — for we are compelled by the imperfection of our 
knowledge to associate under this one term the ultimate causes 
of many of the phenomena of life — is a power which, although 
constantly employed, has the capability of continually renewing 
itself by some inexplicable connection existing between it and 
many external influences. We know that certain conditions are 
necessary to the health of animals. Diseased digestion, or any 
interruption in the circulation of the blood, destroys the vital force, 
and death ensues. The processes of digestion and of the circu- 
lation are perfectly understood, yet we are no nearer the great 
secret of the living principle. 

Animals are dependent on several external agents for the sup- 
port of existence. The oxy en of the air is necessary for respira- 
tion. Animal heat, as will be shown presently, is in a great 
measure dependent upon it. The external heat is so regulated 
that animal existence is comfortably supported. Electricity is 
without doubt an essential element in the living process ; and, 
indeed, many physiologists have been inclined to refer vital force 
to the development of electricity by chemical action in the brain ; 
for which, however, there is no foundation in experiment. 
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The phenomena of the Torpedo and Gymnotus we have already 
noticed, (^) and there are other creatures which certainly possess 
the power of secreting and discharging electricity. Galyani's exper- 
iments, and those of Aldini, appear to show — and the more delicate 
researches of Matteucci have satisfactorily determined — that cur- 
rents of electricity are always circulating in the animal frame, 
that positive electricity is constantly passing from the interior to 
the exterior of a muscle ; and Matteucci, by arranging a series of 
muscles, has formed an electric pile of some energy. (^) These 
currents have been detected in man, in pigeons, fowls, eels, and 



In the human body, it is evident a large quantity of electricity 
exists in a state of equilibrium. This, however, may be said of 
every substance. It is perhaps more easily disturbed in the 
human system ; indeed, the manifestation of sparks from the hair 
and other parts of the body by friction is not uncommon. Every 
ehemical action, it has been already shown, gives rise to electrical 
manifestations ; and the animal body is a laboratory, beautifully 
fitted with apparatus, in which nearly every chemical process is 
going on. It has been proved that acid and alkaline principles 
are constantly acting upon each other through the tissues of the 
animal frame ; and we have curious phenomena of endosmose and 
ezosmose in constant action, and catalysis operating in a mys- 
terious manner. (^) 

With the refined physiological questions connected with the 
phenomena of sensation we cannot deal, nor will any argument 
be adduced for or against the hypothesis which would refer these 
phenomena to some extraordinary development of electric force 
in the brain. The entire subject appears to stand beyond the 
true limits of science, and every attempt to pass it is invariably 
found to lead to a confused mysticism, in which the real and the 
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ideal are starangely confounded. Science stops short of the phe- 
nomena of vital action. 

We cannot, however, but refer to the idea entertained by many 
that the brain is an electric battery, and the nerves a system of 
condnctors. On this view Sir John Herschel remarks : '* If the 
brain be an electric pile constantly in action, it may be con- 
ceived to discharge itself at regular intervals, when the tension 
of the electricity reaches a certain point, along the nerves which 
communicate with the heart, and thus excite the pulsation of that 
.organ." Priestley, however, appears to have been the first to 
promulgate this idea. 

Light is an essential element in produdng the grand phe- 
nomenon of life, though its action is ill understood. Where 
there is light there is life, and any deprivation of this principle 
is rapidly followed by disease of the animal frame, and the de- 
struction of the mental faculties. We have proof of this in the 
squalor of those whose necessities compel them to labour in places 
to which the blessings of sunshine never penetrate, as in our coal- 
mines, where men having everything necessary for health, except 
light, exhibit a singularly unhealthy appearance. The state of 
fiituity and wretchedness to which those individuals have been 
reduced, who have been subjected for years to incarceration in 
dark dungeons, may be referred to the same deprivation. Again, 
in the peculiar aspect of those people who inhabit different 
regions of the earth under varying influences of light, we see 
evidence of the powerful effects of solar action. Other forces, as 
yet undiscovered, may, in all probability do, exert decided influ- 
ences on the animal economy ; but, although we recognize many 
effects which we cannot refer to any known causes, we are per- 
fectly unable to imagine the sources from which they spring. 

It will be interesting now to examine the sources of animal 
heat, the consideration of which naturally leads us to consider 
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the digestive system, the circalatory processes, and the effects of 
neryous excitation. 

The theory, which attributes animal heat to the combination of 
the carbon of the food taken into the stomach with the oxygen of 
the ur inspired through the lungs, has become a very favorite one. 
It must, however, be remembered that it is by no means a new one. 
The doctrines of Brown, known as the Branonian system, and 
set forth in his JSlementa Med%c%n<B^ are founded upon similar 
hasty generalizations. Although, without doubt, true in a certain 
degree, it is not so to the extent to which its advocates would 
have us believe. That the carbonaceous matter received into the 
stomach, after having undergone the process of digestion, enters 
into combination with the oxygen breathed through the lungs or 
absorbed by the skin, and is ^ven off from the body in the form 
of carbonic acid, and that, during the combination, heat is pro- 
duced, by a process dmilar to that of ordinary combustion, is an 
established &ct ; but the idea of referring animal heat entirely to 
thb chemical source, when there are other well-known causes 
producbg calorific effects, is an example of the errors into which 
an ingenious mind may be led, when eagerly seeking to establish 
a favourite hypothesis. 

Animal and vegetable diet, which is composed largely of car- 
bon and hydrogen, passes into the digestive system, and becomes 
converted into the various matters required for the support of the 
animal structure. The blood is the principal fluid employed in 
distributing over the system the necessary elements of health and 
vigour, and for restoring the waste of the body. This fluid, in 
passing through the lungs, undergoes a very remarkable change, 
and not merely assumes a different colour, but really acquires new 
properties, from its exposure to the air with which the cells of 
these organs are filled. By a trutf chemical process, the oxygen 
is separated from the air, that oxygen is made to combine with 
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tbe carbon and hydrogen, and oarbonio acid and water are form- 
ed. These are liberated and thrown off from the body mthet 
through the langa or by the skin. In the processes of life, as far 
as we are enabled to trace them, we see actions going on which 
are referred to certain causes which we appear to explain. Thns, 
the combination of the oxygen of the air with the carbon of Uie 
blood is truly designated a case of chemical affinity ; and we find 
that, in endeavouring to imitate the proeesses of nature in the 
laboratory, we are, to a certain extent, successful. We can com- 
bine carbon and oxygen to produce carbonic acid ; and we know 
that the result of that combination is the development of certain 
definite quantities of heat Let us examine the conditions of 
this chemical phenomenon, and we shall find that in the natural 
and artificial processes, — for we must be allowed to make that 
distinction, — there are analogous circumstances. If we place 
a piece of pure carbon, a lump of charcoal or a diamond, in 
a vessel of air, or even of pure oxygen gas, no change will take 
place in either of tiiese elements, and, however long they may be 
kept together, they will still be found as carbon or diamond, and 
oxygen gas. If we apply heat to the carbon until it becomes 
incandescent, it immediately begins to combine with the oxygen 
gas, — it bums ; — after a little time all the carbon has dis- 
appeared, and we shall find, if the experiment has been properly 
made, that a gas is left behind which is distinguished by proper- 
tiles in every respect the reverse of those of oxygen, supporting 
neither life nor combustion, whereas oxygen gives increased 
vigour to both. We have now, indeed, carbonic acid gas formed 
by the union of the two principles. 

A dead mass of animal matter may be placed in oxygen gas, 
and, unless some peculiar conditions are in some way brought 
about, no change will take place ; but, if it were possible to apply 
the spark of life to it, as we light up the spark in the other ( 
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or if, as that is beyond the power of man, we substitute a living 
ereature, a combination between the carbon of the animal and 
the gas will immediately begin, and carbonic acid will be 
formed by the waste of animal matter, as in the other case it is 
by the destruction of the carbon ; and, if there is not a fresh 
snpply given, the animal must die, from the exhaustion of its 
fabric. Now, in both these cases, it is clear that, although this 
chemical union is a proximate cause of animal heat, there must 
be existing some power superior to it, as the ultimate cause 
thereof. 

The slow combustion (eremacausis) of vegetable matter, de- 
composing under the influence of moisture and the air, does not 
present similar conditions to those of the human body, although it 
has been insisted upon to be in every respect analogous. That the 
results resemble each other is true, but we must carefully distin- 
guish between effects and causes ; and the results of chemical 
decomposition in inert matter differ from those in the living 
organism. The vegetable matter has lost the principle of organic 
life, and, that gone, the tendency of all things being to be resolved 
into their most simple forms, a disunion of the elements com- 
mences : oxygen and hydrogen escape from the carbon, and pass off 
either in the gaseous state or as water, whilst the carbon is lib- 
erated in a very finely-divided condition, and enters slowly into 
combination with oxygen supplied by the water or the air* 
Hydrogenous compounds are at the same time formed, and, under 
all these circumstances, as in all other chemical phenomena, an 
alteration of temperature results. 

The animal tissue may act in the same way as platina has 
already been shown to act in producing combination between 
gases ; but of this we have no proof. We know that electricity is 
capable of producing the required conditions, and we also learn, 
from the beautiful researches of Faraday, that the quantity of 
26* 
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elechioity developed during decompoatioD, is exactly equal to ihafc 
required to effect the combination of the same elements. Thus 
it is quite clear that, during the combination of the carbon of the 
blood with the oxygen of the air, a large amount of electricity 
must become latent in the compound. The source of this we 
know not : it may be derived from some secret spring within the 
living structure, or it may be gathered from the matter sur- 
rounding it. There is much in nervous excitation which appears 
like electrical phenomena, and attempts have been frequently 
made to refer sensation to the agency of electricity. But these 
are the dreams of the ingenious, for which there is but little 
waking reality. 

Every mechanical movement of the body occasions the devel- 
opment of heat ; every exertion of the muscles produces sensi- 
ble warmth ; and, indeed, it can be shown by experiment that 
every expansion of muscular fibre is attended with the escape of 
caloric, and its contraction with the absorption of it. There are 
few operations of the mind which do not excite the latent caloric 
of the body, and frequently we find it manifested in a very 
remarkable manner by a suddenly-awakened feeling. The poet 
in the pleasure of creation glows with the ardor of his mind, and 
the blush of the innocent is but the exhibition of the phenome- 
non under some nervous excitation, produced by a spirit-disturb- 
ing thought. Thus wo see that the processes of digestion and 
respiration are not the only sources of animal heat, but that 
many others exist, to which much of the natural temperature ci 
the body must be referred. 

So much that is mysterious belongs to the phenomena of life, 
that superstition has had a wide scope for the exercise of its 
influence ; and through all ages a powerful party of mankind 
have imagined that the spirit of human curiosity must be checked 
before it advances to remove the veil from any physiological 
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causes. Hence it is that even at tbe present day so much that 
stands between wbat, in oar ignorance, we call tbe leal and tbe 
eapernatnral, remains uninvestigated. Even tbose men wbose 
minds are skeptical upon any development of tbe trutbs of great 
natural pbenomena, — wbo, at all events, will bave proof before 
tbey admit tbe evidence, are ready to give credit to tbe grossest 
absurdities wbicb may be palmed upon tbem by ingenious cbar^ 
letans, wbere tbe subject is man and bis relations to the spiritual 
world. 

- Man, and tbe races of animals by wbicb be is surrounded, pre- 
sent a very striking group, consider tbem in wbatever ligbt we 
please. Tbe gradual improvement of organic form, and tbe con- 
sequent increase of sensibility, and eventually tbe development of 
reason, are tbe grandest features of animated creation. The con- 
ditions as to number even of tbe various classes are not tbe 
least remarkable pbenomena of life. In tbe lowest orders of 
animals, creatures of imperfect organization, — consequently 
tbose to wbom tbe conditions of pain must be nearly unknown, — 
increase by countless myriads. Of the infusoria and other beings, 
entire mountains bave been formed, although microscopes of tbe 
highest powers are required to detect an individual. Higher in 
tbe scale, even among insects, the same remarkable conditions of 
increase are observed. Some silkworms lay from 1 ,000 to 2,000 
eggs ; tbe wasp deposits 3,000 ; tbe ant from 4,000 to 5,000. 
The queen bee lays between 5,000 and 6,000 eggs, according to 
Burmeister ; but Kirby and Spence state that in one season the 
number may amount to 40,000 or 50,000. But, above all, tbe 
white ant ( Termes fatalis) produces 86,400 eggs each day, 
which, continuing for a lunar month, gives the astonishing num- 
ber of 2,419,200, a number far exceeding that produced by 
any known animal. 

These may appear like tbe statements in which afictionist might 
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indalgo, bat thej are Uie sober traihs discovered by the most 
pains-taking and cautious observers. And it is necessary that sack 
conditions shonld prevail. These insects, and all the lower tribes 
of the animal kingdom, famish food for the more elevated races. 
Thousands are bom in an hour, and millions upon millions perish 
in a day. For the support of organic lifcy like matter is required; 
and we find that the creatures who are destined to become the 
prey of others, are so constituted that they pass from life with a 
perfect unconsciousness of suffering. As the animal creation 
advances in size and strength, their increase becomes limited; 
and thus they are prevented from maintaining by numbers that 
dominion over the world which they would be enabled from their 
powers to do, were their bands more numerous than we now find 
them. 

The comparative strength, too, of the insect tribes has ever 
been a subject of wonder and of admiration to the naturalist. 
The strength of these minute creatures is enormous ; their 
muscular power, in relation to their size, far exceeds that of any 
other animal. The grasshopper, will spring two hundred times 
the length of its own body. The dragon-fly, by its strength of 
wing, will sustain itself in the air for a long summer day with 
unabated speed. The house-fly makes six hundred strokes with 
its wings, which will carry it five feet, every second. 

Such are the wonders of the natural world ; from the zoophyte, 
growing like a flowering plant(^^) upon an axis filled with 
living pith — a small remove from the conditions of vegetable 
life, upwards through the myriads of breathing things — to man, 
we see the dependence of all upon these physical powers which 
we have been considering. 

To trace the effects of these great causes through all their 
mysterious phases is the work of inductive science; and the 
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tniths discovered tend to fit as for the enjoyment of the eternal 
state of high intelligence to which every human soul aspires. 

That which the ignorant man calls the supernatural, the 
philosopher classes amongst natural phenomena. The ideal of 
the credulous man becomes the real to one who will bend his 
mind to the task of inquiry. Therefore, to attempt to advance 
our knowledge of the unknown^ to add to the stores of truth, is 
an employment worthy the high destiny of the human race. 
Remembering that the revelations of natural science cannot in any 
way injure the revelation of eternal truth, but, on the contrary, 
aid to establish in the minds of the doubting a firm conviction of 
its Divine origin and of man's high position, we need never fear 
<^at we are proceeding too far with any inquiry so long as we are 
eautious to examine the conditions of our own minds, that they 
may not be made the dupe of the senses. 

In the fairies of the hills and valleys, in the gnomes of the 
caverns, in the spirits of the elements, we have the attempts of 
tiie mind, when the world was young, to give form to the dim 
ontshadowings of something which was then felt to be hidden 
behind external nature. 

In the Oread, the Dryad, and the Nereid, we have, in lik» 
manner, an embodiment of powers which the poet-philosopher 
saw in his visions presiding over the mountain, Uie forest, and the 
ocean. Content with these, invested as they were with poetic 
beauty, man for ages held them most religiously sacred ; but the 
progress of natural science has destroyed this class of creations. 
" Great Pan is dead," but the mountains are not voiceless ; they 
speak in a more convincing tone ; and, instead of the ear catching 
the dying echo of an obscure truth, it is gladdened with the full, 
clear note of Nature, in the sweetest voice, proclaiming secrets 
which were unknown to the dreams of superstition. 
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CHAPTER XVL 

GENERAL CONCLUSIONS. 

The Changes prodaoed on Physical Phenomena by the Movement of the 
Solar System considered— Exertion of the Physical Forces through 
the Celestial Spaces— The Balance of Powers— Varieties of Matter 
— Extension of Matter — Theory of Nonentity — A Material Cre- 
ation, an indisputable Fact— Advantages of the Study of Science— 
Conclusion. 

We have examined terrestarial phenomena under many of the 
harmonioas conditions which, with our limited intelligence, we 
can reach by the aid of science. From the first exhibition of 
force, in the cohesion of two atoms, onward to the full develop- 
ment of organic form in the highest order of animals, we have 
observed strange influences. We have seen the solitary molecule 
invested with peculiar properties, and regulated by mighty 
forces; we have learned that the modes of motion given to 
this beautiful sphere produce curious changes in the operation 
of these powers ; and we may with safety infer that every atom 
constituting this globe is held in wonderful suspension against 
every atom of every star, in the celestial spaces, even to that 
bright orb in the centre of the Pleiades, around which the entire 
system of created worlds is supposed to roll. 

As we move around our own sun — in the limited period of 
865 days — we experience transitions from heat to cold, depend- 
ent upon our position in regard to that luminary. May we not 
therefore conclude, without being charged with making any 
violent deduction, that, in the great revolution of our system 
around the centre of space, we are undergoing gradual changes 
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vfhich are essential to the great scbeme of creation, thongb at 
present incomprehensible to us ? 

In our consideration of the influence of time on the structure 
of the earth as we find it, we discover that, in ages long past, 
the vegetation of the tropics existed upon these northern parts 
of the globe ; and geological research has also proved that over 
the same lands the cold of an arctic winter must have long pre- 
vailed — the immense glaciers of that period having left the 
marks of their movements upon the face of the existing rocks. (^) 
We know that during 3,000 years no change of temperature has 
taken place in the European climate. The children of Israel found 
the date and the vine flourishing in Canaan; and they exist 
there still. Arago has shown that a trifling alteration of tem- 
perature would have destroyed one or the other of these fruib- 
bearing trees, since the vine will not ripen where the mean 
temperature of the year is higher than 84®, or the date flourish 
where it sinks below that degree. 

How immense, then, the duration of time since these changes 
must have taken place ! The 432,000 years of Oriental mythol- 
ogy is a period scarcely commensurable with these eflfects ; yet, 
to the creature of threescore years, that period appears an 
eternity. The thirty- three millions of geographical miles which 
our solar system traverses annually, if multiplied by three thou- 
sand years, during which we know no change has taken place, 
give us 99,000,000,000 as the distance passed over in that 
period. How wide, then, must have been the journey of the 
system in space to produce the alteration in the physical powers, 
by which these changes have been eflfected I 

We have an example, and a striking one, of the variations 
which may be produced in all the physical conditions of a world, 
in those disturbances of Uranus which led to the discovery of 
Neptune. For thirty years or more certain perturbations were 
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obseryed in this distant planet, the discovery of Sir William Hei^ 
schel, and calculation pointed to some still more remote mass of 
matter as the cause, wbich has been verified by its actual discovery. 
But now Uranus is at rest ; — quietly that star progresses in its 
appointed orbit, — Neptune can no longer cause it to rock upon 
its centre, — they are too remote to produce any sensible influ- 
ence upon each other. Consequently, for thirty years, it is 
evident, pheuomena must have occurred on the surface of Uranus, 
which can be no longer repeated until these two planets again 
arrive at the same positions in their respective paths which they 
have occupied since 1812. These considerations assist us in 
our attempts to comprehend infinite time and space ; but the 
human mind fails to advance far in the great sublimity. 

Through every inch of space we have evidence of the exercise 
of such forces as we have been considering. Gravitation chains 
world to world, and holds them all suspended from the mystic 
centre. Cohesion binds every mass of matter into a sphere. 
Heat, radiating from one planet to another, does its work in all, 
giving variety to matter. Light seeks out every world — each 
trembling star tells of the mystery of its presence. Where light 
and heat are, chemical action, as an associated power, must be 
present; and electricity must do its wondrous duties amongst 
them all. Modified by peculiar properties of matter, they may 
not manifest themselves in phenomena like those of our terres- 
trial nature ; but the evidence of light is a sufficient proof of the 
presence of its kindred elements ; and it is difficult to imagine 
all these powers in action without producing some form of organ- 
ization. In the rounded pebble which we gather from the 
seashore, — in the medusa floating bright with all the beauty of 
prismatic colour in the sunlit sea, — in the animal, mighty in 
his strength, roaming the labyrinthine forests, or, great in 
intelligence, looking from this to the mysteries of other worlds, 
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— in all created tbings around us, we see direct evidence of a 
beautiful adjustment of the balance of forces, and the harmonious 
arrangement of properties. 

One atom is removed from a mass and its character is 
changed; one force being rendered more active than another, 
imd the body, under its influence, ceases to be the same in 
condition. The regulation which disposes the arrangements of 
matter on this earth, must exist through the celestial spaces, and 
every planet bears the same relation to every other glittering 
mass in heaven's overarching canopy, as one atom bears to 
another in the pebble, the medusa, the lion, or the man. An 
indissoluble bond unites them all, and the grain of sand which 
lies buried in the depth of one of our primary formations holds, 
chained to it by these all-pervading forces, the uncounted worlds 
which, like luminous sand, are sprinkled by the hand of the 
Creator through the universe. Thus we advance to a conception 
of the oneness of creation. 

The vigorous mind of that immortal bard who sang *' of man's 
first disobedience," never, in the highest rapture, the holiest 
trance of poetic conception, dreamed of any natural truths so 
sublime as those which science has revealed to us. 

The dependence of all the systems of worlds upon each other, 
every dust composing each individual globe being ** weighed in a 
balance," the adjustment of the powers by which every physical 
condition is ordered, the disposition of matter in the mass of the 
earth, and the close relation of the kingdoms of nature, —are all 
revelations of natural truths, exalting the mind to the divine 
conception of the universe. 

There is a remarkable antagonism displayed in the operation 

of many of these forces. Grravitation and cohesion act in 

opposition to the repellent influences of caloric. Light and heat 

are often associated in a very remarkable manner ; but they are 

27 
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certiunly in tbeir radiant states in antagonism to chemkal action, 
whether prodaoed by the direct agency of actinic force, or 
through the intermediate excitement of the electrical current. 
(^) And in relation to chemical force, as manifested in organic 
combinations, we have the all-powerful operation of ute preyent- 
ing any exercise of its decomposing power. (^) As world 19 
balanced against world in the universe, so in the human fabrie, 
in the vegetable structure, in the crystallized gem, or in the rude 
rock, force is weighed against force, and the balance hangs in 
tranquillity. Let but a slight disturbance occasion a vibration of 
the beam, and electricity shakes the stoutest heart with terror, at 
the might of its devastating power. (^) Heat melts the hardest 
rocks, and the earth trembles with volcanic struggliDgs; and 
actinic agency, being freed from its chains, speedily spreads 
decay over the beautiful, and renders the lovely repulsive. 

We know matter in an infinite variety of forms, from the most 
ponderous metal to the lightest gas ; and we have it within our 
power to render the most solid bodies invisible in the condition 
of vapour. Is it not easy, then, to understand that matter may 
exist equally attenuated in relation to hydrogen, as that gas itself 
is, when compared with the metal platinum ? A doubt has been 
raised against this view, from the difficulty of accounting for the 
passage of the physical elements through solid masses of matter. 
If we, however, remember that the known gases have the power 
of transpiration through matter in a remarkable degree, (^) 
and that the passage of water through a sieve may be prevented 
by heat, it will be at once apparent that the permeation of any 
radiant body through fixed solid matter, is entirely a question of 
conditions. 

We can form no idea of the size of the ultimate atom ; we 
cannot comprehend the degree of etherealization to which matter 
may be extended. Our atmosphere, we have seen, b only 
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another condition of the same elements which compose all the 
organized forms of matter upon the earth, and, at the height 
reached by man, it is in a state of extreme attennation. What 
must be its condition at the distance of forty miles firom the 
earth? According to known laws, certain phenomena of 
refraction have led us to set these bounds to the matter consti- 
tuting our globe : but it may exist in such a state of tenuity, 
that no philosophical instrument constructed by human hands 
could measure its refracting power ; and who shall declare with 
certainty that matter itself may not be as fiir extended as we 
suppose its influences to be ? 

''Hast thou perceiyed the breadth of the earth? declare, if 
ihou knowest it all. 

** Knowest thou the ordinances of heaven ? Canst thou set the 
dominion thereof in the earth ? " 

A cheerless philosophy would teach us to regard all thmgs as 
the mere exhibition of properties, a manifestation of powers ; it 
believes not in a material creation. The grandeur of the earth, 
and the beautiful forms adorning it, are not entities. Yonder 
exquisite spedmen of the skill of man, in which mind appears to 
shine through the marble, — that distant mountain which divides 
the clouds as they are driven by the winds across it, — those 
trees, amid whose branches the birds make most melodious 
music, — this flower, so redolent of perfume, so bright in colour, 
and so symmetric in form, — and that lovely being who, a 
model of beauty and grace, walks the earth an impersonation of 
love and charity blended, making, indeed, " a sunshine in a 
shady place," are not realities. Certain forces combine to 
produce effects, all of which unite to deceive poor man into the 
belief that he is a material being, and the inhabitant of a material 
world. There may be ingenuity in the philosophy of this 
school ; its metaphysics may be of a high order ; but it evidently 
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advances fiom the real to the ideal with such rapidity, that eyery 
argament is based on an assamption without a proof; every 
assamption hebg merely a type of the philosophy itself, — a 
baseless fiftbrio^ a transcendental vision. 

A material creation sorroands ns. This earth, and all l^at it 
ecmtains, and the immense hosts of stellar worlds, are absolnte 
entities, snrronnded with, and interpenetrated by, certain ex- 
hibitions of creative intelligence, which perform, according to 
fixed laws, the mighty labomns npon which diepend the infinite 
and eternal mutations of matter. The origin of a grain of dust is 
hidden firom our finite comprehensions ; but its existence should 
be a source (tf hope, that those minds which are allowed the 
privilege of tracing out its marvellous properties, — of examining 
the empyreal principles upon which its condition, as ft ^^n of 
dust, depends, — and even of reducing these giant elements to 
do oar human bidding, -— may, after a period of probadon, be 
admitted to the enjoyment of that infinite power to which the 
great secrets of creation will be unveiled. 

Every motion which the accurate search of the experimentalist 
has traced, every principle of power which the physicist has 
disQovered, every combiaataon which the chemist has detected, 
every form which the naturalist has recorded, involves refiections 
of an exalting character, which constitute the elements of the 
highest poetry. The philosophy of physical science is a grand 
epic, the record of natural science a great didactic poem. 

To study science for its useful applications merely, is to limit 
its advantages to purely sensual ends. To pursue science fi>r 
the sake of the truths it may reveal, is an endeavour to advance 
the elements of human happiness through the intelligence of the 
race. To avail ourselves of facts for the improvement <^ art 
and manufactures, is the duty of every nation moving in the 
advance of civilization. But to draw from the great truths of 
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seience intelligible inferences and masterly deductions, and from 
these to advance to new and beautiful abstractions, is a mental 
exercise which tends to the refinement and eleyation of every 
human feeling. 

The mind thus exercised during the mid-day of life, will find 
in the twilight of age a divine serenity ; and, charmed by the 
music of nature, which like a vesper hymn poured forth from 
pious souls, proclaims in devotion's purest strain the departure 
of day, he will sink into the repose of that mysterious night 
which awaits us all, tranquil in the happy consciousness that the 
sun of truth will rise in unclouded brilliancy, and place him in 
the enjoyment of that intellectual light, which has ever been 
among the holiest aspirations of the human race. 

The task of wielding the wand of science, — of standing a 
scientific evocator within the charmed circle of its powers, is one 
which leads the mind through nature up to nature's God. 

Experiment and observation instruct us in the discovery of a 
fact ; — that fact connects itself with natural phenomena, — the 
ultimate cause of which we learn from Divine revelation, and 
receive in full belief, — but the proximate causes are reserved as 
trials of man's intelligence ; and every natural truth, discovered 
by induction, enables the contemplative mind to deduce those 
perfect laws which are exemplifications of the firesh-springing 
and all-enduring Poetry ov Scienoh. 



27* 
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(1) p. 28. — The Tiew entertained by Dr. Faraday, which will be 
comprehended from one or two short extracts from his yalnable and 
suggestive paper, claims attention : — 

'< If the view of the constitution of matter already referred to be 
assumed to be correct — and I may be allowed to speak of the parti- 
cles of matter, and the space between them (in water, or in the 
vapour of water, for instance,) as two different things — the space 
must be taken as the only continuous part, for the particles are con- 
sidered as separated by space from each other. Space wiU permeate 
all masses of matter in every direction like a net, except that, in the 
place of meshes, it will form cells, isolating each atom from its neigh- 
bours, and itself only being continuous." 

Examining the question of the conducting power of different bodies, 
and observing that as space is the only continuous part, so space, 
according to the received view of matter, must be at one time a 
conductor, at others a non-conductor, it is remarked : — 

** It would seem, therefore, that, in accepting the ordinary atomic 
theory, space may be proved to be a non-conductor in non-conducting 
bodies, and a conductor in conducting bodies ; but the reasoning ends 
in this — a subversion of that theory altogether ; for if space be an 
insulator, it cannot exist in conducting bodies ; and if it be a conduc- 
tor, it cannot exist in insulating bodies." — A Speculation touching 
Electric Conduction, and the Nature of Matter : by Michael Faraday, D. 
O. L., F. B. S., &c. : Philosophical Magazine, vol. xxiv. Third 
Series. 

See also Wollaston, On the Finite Extent of the Atmosphere. — VhH. 
Trans. 1822. 

— — • Young, On the EsaentuU Properties of Matter. — Lectures on 
Natural Philosophy. 

-^— — Mossotti, On Molecular Action, — Scientific Memoirs, vol. i. 
p. 448. 
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(9) p. 30. — '* Motion, therefiore, is a change of rectQinear distance 
between two points. Allowing the accuracy of this definition, it 
appears that two points are necessary to constitute motion ; that in 
all cases, when we are inquiring whether or not any body or point is 
in motion, we must recur to some other point which we can compare 
with it ; and that, if a single atom existed alone in the uniyerse, it 
could neither be said to be in motion nor at rest. 

** The space which we call quiescent is in general the earth's sur- 
face ; yet we well know, from astronomical considerations, that every 
point of the earth's surfcuie is perpetually in motion, and that in 
▼ery various directions : nor are any material objects accessible to 
our senses which we can consider as absolutely motionless, or even as 
motionlesB with regard to each other ; since the continual variatioa 
of temperature to which all bodies are liable, and the minute agita- 
tions arising from the motion of other bodies with which they are 
connected, will always tend to produce some imperceptible changes 
in their distances." — Lectures on Natural Phihsophy, S^e., by Thomas 
Young, M.D. Edited by Kev. P. KeUand. 1845. 

(^ ) p. 30. — **The position which I seek to establish in this essay 
is, that the various imponderable agencies, or the affections of matter 
which constitute the main objects of experimental physics, viz. heat, 
light, electricity, magnetism, chemical affinity, and motion, are all 
correlative, or have a reciprocal dependence; — that neither, taken 
abstractedly, can be said to be the essential or proximate cause of the 
others ; but that either may, as a force, produce, or be convertible 
into, the other : — thus heat may mediately or Immediately produce 
electricity, electricity may produce heat, and so of the rest. , . . 
Although strongly inclined to believe that the five other affections 
of matter, which I have above named, are, and will ultimately be» 
resolved into modes of motion, it would be going too far at present 
to assume their identity with It : I, therefore, use the term force, in 
reference to them, as meaning that active force inseparable from. 
matter, which induces its various changes." — On the Correlation of 
Physical Forces : by W. R. Grove, Esq., M. A., F. B. S. 

(4) p. 30. — When discussing the hypothesis of Hobbes — that no 
body can poaeiMy be moved btU by a body contiguous and moved — Boyle 
asks: — 

*< I demand how there comes to be local motion in the world } For 
either all the portions of matter tliat compose the universe have mo- 
tion belonging to their natures, which the Epicureans affirm for their 
atoms, or aqn^^ parts of matter J^yb this motive power, and some 
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have not, or else none of them have it ; but all of them are naturally 
devoid of motion. If it be granted that motion does naturally be- 
long to all parts of matter, the dispute is at an end, the concession 
quite overthrowing the hypothesis. 

** If Mr. Hobbes should reply that the motion is impressed upon 
any of the parts of matter by God, he wUl say that which I 
most readily grant to be true, but will not serve his turn, if he would 
speak congruously with his own hypothesis. Per I demand whether 
this Supreme Being that the assertion has recourse to, be a corporeal 
or an incorporeal substance ? If it be the latter, and yet the efficient 
cause of motion in bodies, then it will not be universally true that 
whatever body is moved is so by a body contiguous and moved. For, 
in our supposition, the bodies that God moves, either immediately 
or by the intervention of any other immaterial being, are not moved 
by a body contiguous, but by an incorporeal spirit.** — Some Consid- 
eraHons about the Reconcileableness of Reason and Religion : Boyle, voL 
iii. p. 620. 

C^ ) p. 31. — Boyle has some ingenious speculations on this point : — 
" That there is local motion in many parts of matter is manifest to 
sense, but how matter came by this motion was of old, and is still, 
hotly disputed of: for the ancient Corpuscularian philosophers 
(whose doctaine in most other points, though not in all, we are the 
most inclineable to), not acknowledging an author of the imiverse, 
were thereby reduced to make motion congenite to matter, and con- 
sequently coeval with it. But since local motion, or an endeavour 
at it, is not included in the nature of matter, which is as much mat- 
ter when it rests as when it moves ; and since we see that the same 
portion of matter may from motion be reduced to rest, and after it 
hath continued at rest, so long as other bodies do not put it out of 
that state, may by external agents be set a moving again ; I, who am 
not wont to think a man the worse naturalist for not being an atheist, 
shall not scruple to say with an eminent philosopher of old, whom I 
find to have proposed among the Greeks that opinion (for the main) 
that the excellent Des Cartes has revived amongst us, that the origin 
of motion in matter is from God ; and not only so, but that thinking 
it very unfit to be believed, that matter barely put into motion, and 
then left to itself, should casually constitute this beautiful and order- 
ly world ; I think also further, that the wise Author of things did, 
by establishing the laws of motion among bodies, and by guiding the 
first motions of the small parts of matter, bring them to convene after 
the manner requisite to compose the world ; and especially did con- 
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trive tiiOBe enrionf and elaborate engines, the bodies of liTing 
creatures, endowing most of them with the power of propagating 
their species." — ConnderaHons and EaBperimenta touching the Origin of 
Fonm and Qualities : Boyle's Works, vol. ii. p. 460. Edinburgh. 
1744. 

(0) p. 31.— Cud worth's Intellectual System, 

(7) p. 9. — " According to the Pythagoreans and Flatonists, there 
is a life infused throughout all things .... an intellectual and 
artificial fire — an inward principle, animal spirit, or natural life, pro- 
ducing or forming within, as art doth without — regulating, moderat- 
ing, and reconciling the yarious motions, qualities, and parts of the 
mundane system. By virtue of this life, the great masses are held 
together in their ordinary courses, as well as the minutest particles 
governed in their natural motions, according to the several laws of 
attraction, gravity, electricity, magnetism, and the rest. It is this 
gives instincts, teaches the spider her web, and the bee her honey ; — 
this it is that directs the roots of plants to draw forth juice from the 
earth, and the leaves and the cortical vessels to separate and attract 
such particles of air and elementary fire as suit their respective 
natures." — Bishop Berkeley. Sim, No. 27 7. 

(8) p. 31. — « The revolution of the earth is performed in a natural 
day, or, more strictly speaking, once in 23h. 56' 4", and as its mean 
circumference is 24,871 miles, it follows that any point in its equato- 
rial surface has a rotary motion of more than 1,000 miles per hour. 
This velocity must gradually diminish to nothing at either pole. 
Whilst the earth is thus revolving on its axis, it has a progressive mo- 
tion in its orbit. If we take the length of the earth's orbit at 630,000,- 
000, its motion through space must exceed 68,400 miles in the hour." 
— Enc. Brit. Art, Physical Geography. 

( 0) p. 32. — ** Here then we have the splendid result of the united 
studies of MM. Argelander, O. Struve, and Peters, grounded on obser- 
vations made at the three observatories of Dorpat, Abo, Pulkova, and 
which is expressed in the following thesis : The motion of the solar 
system in space is directed to a point of the celestial vault situated on 
the right line which joins the two stars it and ^ Herculis, at a quarter of 
the apparent distance of these stars, reckoning from n H^eulis. The 
velocity of this motion is such that the sun, with all the bodies which 
depend upon it, advances annually in the above direction 1.623 times 
the radius of the earth's orbit, or 33,550,000 geographical miles. The 
possible error of this last number amounts to 1,733,000 geographical 
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miles, or to a seventh of the whole value. We may then wager 400,000 to 
1 that the sun has a proper progressive motion, and 1 to 1 that it is 
comprised between the limits of thirty-eight and twenty-nine millions 
of geographical miles." — Etttdes d^Astrononde SteHaire ; Sur la Vote 
Lactee ei sur les Distances des Etoiles Fixes : M. F. W. G. Struve. [A 
report addressed to his Excellency M. Le Comte Ouvaroff, Minister of 
Public Instruction and President of the Imperial Academy of Sciences 
at St. Petersburg.] 

(M) p. 33. — " Tlie first great agent which the analysis of natural 
phenomena offers to our consideration, more frequently and promi- 
nently than any other, is force. Its effects are cither, 1st, to coun- 
teract the exertion of opposing force, and thereby to maintain 
equilibrium ; or, 2ndly, to produce motion in matter. 

" Matter, or that whatever it be of which all the objects in nature 
which manifest themselves directly to our senses consist, presents us 
with two general qualities — which at first sight appear to stand in 
contradiction to each other — activity and inertness. Its activity is 
proved by its power of spontaneously setting other matter in motion, 
and of itself obeying their mutual impulse, and moving imder the 
influence of its own and other force ; inertness, in refusing to move 
imless obliged to do so by a force impressed externally, or mutually 
exerted between itself and other matter, and by persisting in its 
state of motion or rest unless disturbed by some external cause. 
Yet, in reality, this contradiction is only apparent. Force being the 
cause, and motion the effect produced by it on matter, to say that 
matter is inert, or has inertia^ as it is termed, is only to say that the 
cause is expended in producing its effect, and that the same cause 
cannot (without renewal) produce double or triple its own proper 
effect. In this point of view, equilibrium may be conceived as a 
continual production of two opposite effects, each undoing at every 
instant what the other ^ done," ? — See continuation of the 
argument, in Herschets Discourse on the study of Natural Philosophy, 
page 223. 

In the Edinburgh New Philosophical Journal, vol. xlv., will be 
found a paper by Dr. Robert Brown — **Ofthe sources of motions upon 
the Earth, and of the means by which they are sustained," which will 
well repay an attentive perusal, as pointing to a class of investigation 
of the highest order, and containing deductions of the most philo- 
sophic description. 

(") p. 34. — Friction, it is well known, generates heat : by rapidly 
rubbing two sticks together, the Indian produces their ignition ; heat 
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and light being both maaifeited. Under erery mechanical distorb- 
ance eleetrical changes can be detected, and the action of heat in the 
combustion of the wood is a chemical phenomenon. 

(^ p. 35. — Count Bumford's experiment consisted in placing a 
mass of metal in a box of water at a known temperature, and, by 
employing a boring apparatus, ascertaining carefully the increase of 
heat after a given nimiber of reyolutions. He thus describes his 
most satisfactory experiment : — 

«< Everything being ready, I proceeded to make the experiment I 
had projected, in the following manner : The hollow cylinder having 
been previously cleaned out, and the inside of its bore wiped with a 
clean towel till it was quite dry, the square iron bar, with the blunt 
steel borer fixed to the end of it, was put into its place ; the mouth of 
the bore of the cylinder being closed at the same time by means of 
the circular piston through the centre of which the iron bar passed. 

** This being done, the box was put in its place ; and the joinings 
of the iron rod, and of the neck of the cylinder with the two ends of 
the box, having been made water-tight, by means of collars of oiled 
leather, the box was filled with cold water (viz., at the temperature 
of 60) and the machine was put in motion. The result of this 
beautiful experiment was very striking, and the pleasure it aiforded 
me amply repaid me for all the trouble I had had, in contriving and 
arranging the complicated machinery used in making it. The 
cylinder, revolving at the rate of about thirty-two times in a minute, 
had been in motion but a short time, when I perceived, by putting 
my hand into the water and touching the outside of the cylinder, that 
heat was generated, and it was not long before the water which 
surrounded the cylinder began to be sensibly warm. At the end of 
one hour, I found, by plunging a thermometer into the water in the 
box (the quantity of which fluid amounted to 18.77 lbs. avoirdupois, 
or 2} wine gallons), that its temperature had been raised no less than 
47^ ; being now 107^ of Fahrenheit's scale. When thirty minutes 
more had elapsed, or one hour and thirty minutes after the machinery 
had been put in motion, the heat of the water in the box was 142^. 
At the end of two hours, reckoning from the beginning of the exper- 
iment, the temperature of the water was found to be raised to 
178**. At two hours twenty minutes, it was 200**; and at two 
hours thirty minutes it ctctually boiled,** — Inquiry concerning the Source 
of the Heat excited by Friction ; Philosophical Transactions, voL 
Ixxxviii. A.D. 1798. 

Mr* Joule brought a communication on the same subject before 
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the British Association at Cambridge, whieh was afterwards published 
in the Philosophical Magasinei and from that journal the following 
notices are extracted : — 

'* The apparatus exhibited before the Association consisted of a 
brass paddle-wheel, working horizontally in a can of water. Motion 
could be communicated to this paddle by means of weights, pulleys, 
&c. The paddle moved with great resistance in the can of water, so 
that the weights (each of four pounds) descended at the slow rate of 
about one foot per second. The height of the pulleys from the 
ground was twelve yards, and consequentiy when the weights had 
descended through that distance they had to be wound up again in 
order to renew the motion of the paddle. After this operation had 
been repeated sixteen times, the increase of the temperature of the 
water was ascertained by means of a very sensible -and accurate 
thermometer. 

'* A series of nine experiments was performed in the above manner, 
and nine experiments were made in order to eliminate the cooling or 
heating effects of the atmosphere. After reducing the result to the 
capacity for heat of a pound of water, it i^peared that for each 
degree of heat evolved by the friction of water, a mechanical power 
equal to that which can raise a weight of 800 lbs. to the height of one 
foot, had been expended. 

"Any of your readers who are so fortunate as to reside amid the 
romantic scenery of Wales or Scotland could, I doubt not, confirm my 
experiments by trying the temperature of the water at the top and at 
the bottom of a cascade. If my views be correct, a fall of 8 17 feet will 
of course generate one degree of heat, and the temperature of the river 
Niagara will be raised about one-fifth of a degree by its fall of 160 
foet." — Relation between Heat and Mechanical Power : Philosoph. Mag. 
vol. xxviL 1846. 

O P* 36« — Three hypotheses may be used to account for this most 
curious phenomenon. 

1st. The body shines by its own light and then explodes like a sky- 
rocket, breaking into minute fragments too small to be any longer 
visible to the naked eye. 

2nd. Such a body, having shone by its own light, suddenly ceases 
to be luminous. *< The falling stars and other fiery meteors which are 
frequently seen at a considerable height in the atmosphere, and which 
have received different names according to the variety of their figure 
and size, arise from the fermentation of the effluvia of acid and alkaline 
bodies which float in the atmosphere. When the more subtile parts 

28 
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of the effluvia are burned away, the Tiflcons and earthy parts become 
too heavy for the air to support, and by their gravity fall to the earth.*' 
— Keith's U»e of the Globes, According to Sir Humphrey Davy, in the 
Philosophical Transactions for 1847, ** the luminous appearances of 
shooting stars and meteors cannot be owing to any inflammation of 
elastic fluids, but must depend upon the ignition of solid bodies." 

3. The body shines by the reflected light of the sun, and ceases to be 
visible by its passing into the earth's shadow, or, in other words, is 
eclipsed. Upon the two former suppositions, the &ct of the star's 
disappearance conveys to us no knowledge of its position, or of its 
distance from the earth ; and all that can be said, is, that if it be a 
satellite of the earth, the great rapidity of its motion involves the 
necessity of its being at no great distance from the earth's surfrtce — 
much nearer than the moon ; while the resistance it would encounter 
in traversing the air would be so great that it is probably without the 
limits of our atmosphere. Sir J. W, Lubbock leans to the third hypo- 
thesis. -^^ix J. W. Lubbock, On Shooting Stars: PhiL Mag. No. 213, 
p. 81. 

Sir J. Lubbock also published a supplementary paper on the same 
subject, in No. 214, p. 170. 

Mr. J. P. Joule entertains an hypothesis with respect to Shooting 
Stars similar to that advocated by Chladni to account for meteoric 
stones, and he reckons the ignition of these miniature planetary 
bodies by their violent collision with our atmosphere, to be a remark- 
able illustration of the doctrine of the eqidvalency of heat to me- 
chanical power, or vis viva. 

If we suppose a meteoric stone of the size of a six-inch cube to enter 
our atmosphere at the rate of eighteen mUes per second of time, the at- 
mosphere being x^^ of its density at the earth's surface, the resistance 
offered to the motion of the stone will in this case be at least 51,600 
lbs. ; and if the stone traverse twenty miles with this amount of 
resistance, sufficient heat will thereby be developed to give 1® 
Fahrenheit to 6,967,980 lbs . of water. Of course by far the largest 
portion of this heat will be given to the displaced air, every particle 
of which wlQ sustain the shock, whilst only the surface of tke stone 
wlQ be in violent collision with the atmosphere. Hence the stone 
may be considered as placed in a blast of intensely heated air, the 
heat being communicated from the surface to the centre by con- 
duction. Only a small portion of the heat evolved will therefore be 
received by the stone ; but if we estimate it at only xiiT* i* ^^^ "till be 
equal to 1^ Fahrenheit per 69,679 lbs. of water, a quantity quite equal 
to the melting and dissipation of any .materials of which it may be 
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composed. —Mr. J. P. JoTile, On Shooting 8tar$ : Phil. Mag. No. 216, 
p. 348. 

(}*) p. 37. — *' Laplace conjectures that in the original condition of 
the solar system, the snn revolyed upon his axis, surrounded by an 
atmosphere which, in yirtue of an excessiyeheat, extended &r beyond 
the orbits of all the planets, the planets as yet haying no existence. 
The heat gradually diminished, and as the solar atmosphere contract- 
ed by cooling, the rapidity of its rotation increased by the laws of 
rotatory motion ; and an exterior zone of yapour was detached from 
the rest, the central attraction being no longer able to oyercome the 
increased centrifugal force. This zone of yapour might in some cases 
retain its form, as we see it in Saturn's ring ; but more usually the 
ring of yapour would break into seyeral masses, and these would 
generally coalesce into one mass, which would reyolye about the 
sun." — Whewell's Bridgetoater Treaiiae. 

The following passage is translated by the same author from La- 
place : — 

*< The anterior state (a state of cloudy brightness) was itself pre- 
ceded by other states, in which the nebulous matter was more and 
more diffuse, the nucleus being less and less luminous. We arriye 
in this manner at a nebulosity so diffuse, that its existence could 
scarce be suspected. Such is in fact the first state of the nebula 
which Herschel carefully obseryed by means of his telescope." 

Sir William Herschel has the following obseryations on these re- 
markable masses : — 

<* The natiire of planetary nebulae, which has hitherto been inyoly- 
ed in much darkness, may now be explained with some degree of 
satisfaction, since the uniform and yery considerable brightness of 
their apparent disc accords remarkably well with a much condensed, 
luminous fluid ; whereas, to suppose them to consist of clustering 
stars will not so completely accoimt for the milkiness or soft tint of 
their light, to produce which it would be required that the condensa- 
tion of the stars should be carried to an almost inconceiyable degree 
of accumulation. 

** How far the light that is perpetually emitted from milHons of 
guns may be concerned in this shining fluid, it might be presumptu- 
ous to attempt to determine ; but notwithstanding the inconceiyable 
subtility of the particles of light, when the number of the emitting 
bodies is almost infinitely great, and the time of the continual emis- 
sion indefinitely long, the quantity of emitted particles may well 
become adequate to the constitution of a shining fluid or luminous 
matter, proyided a cause can be found that may retain them from 
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flying offf or reuniie them," — ObservaUont on Nebutom SUun : Philo- 
iophical Tranflactions, voL Ixxxi. a.d. 1791. 

In addition, the following Memoirs on the same subject, by Sir 
William Herschel, have been published in the Philosophical Trans- 
actions : Catalogue of 1,000 Nebula and dusters of Stars, yoL IxzvL ; 
Catalogue of another 1,000, ioith remarks on the heavens, vol. Izxiz. ; 
CiUalogue of 500 more, with remarks as abo>f>e, yoL xcii. ; Of such as 
have a cometary appearance, yol. cL ; Of planetary nebulce, ibid. ; Of 
stellar nebuke, ibid. ; On the sidereal part of the heavens, and its oonnee- 
tian with the nebulous, yoL dy. ; On the relative distances of dusters of 
nebulous stars, yoL cyiiL 

(^) p. 37. — " Lord Kosse's beautiful telescopes have been formed 
upon principles -which appear to embrace the best possible conditions 
for obtaining a reflecting surface which should reflect the greatest 
quantity of light, and retain that property little diminished for a 
length of time. The aUoy used for this purpose consists of tin and 
copper in atomic proportions, namely, one atom of tin to four atoms 
of copper, or by weight 68.9 to 126.4." — On the Construction of large 
Reflecting Telescopes : by Lord Kosse. Report of the Pourteenth 
Meeting of the British Association, 1864 ; p. 79. 

(}^) P* 38* — T^^ ^CB^ description of the Zodiacal Light occurs in 
a letter furnished by Sir John Herschel to the Times newspaper in 
March, 1843 : "The zodiacal light, as its name imports, inyariably 
apx>ears in the zodiac, or, to speak more precisely, in the plane of 
the sun's equator, which is 7® inclined to the zodiac, and which 
plane, seen from the sun, intersects the ecliptic in longitude 78** and 
268^, or so much in advance of the equinoctial points : in conse- 
quence it is seen to the best advantage at, or a little after, the 
equinoxes; after sunset, at the spring, and before sunrise, at the 
autumnal equinox; not only because the direction of its apparent 
axis lies at those times more nearly perpendicular to the horizon, 
but also because at those epochs we are approaching the situation 
when it is seen most completely in section. 

** At the vernal equinox, the appearance of the zodiacal light is 
that of a pretty broad pyramidal, or rather lenticular, body of light, 
which begins to be visible as soon as the twilight decays. It is very 
bright at its lower or broader part near the horizon, and, if there be 
broken clouds about, often appears like the glow of a distant con- 
flagration, or of the rising moon, only less red ; giving rise, in short, 
to amorphous masses of light, sueh as have been noticed by one of 
your correspondents as possibly appertaining to the comet At 
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higher altitudes, its light fades gradually, and is seldom traceable 
much beyond the Pleiades, which it usually, howeyer, attains and 
inYolyes, and (what is most to my present purpose) its axis at the 
yemal equinox is always inclined (to the northward of the equator) 
at an angle of between 60^ and 70^ to the horizon, and it is most 
luminous at its base, resting on the horizon, where also it is broadest, 
occupying, in fact, an angular breadth of somewhere about 10^ or 
12<> in ordinary clear weather." 

(^0 P' 88. — " The assumption that the extent of the starry fir- 
mament is literally infinite has been made by one of the greatest 
of astronomers, the late Dr. Olbers, the basis of a conclusion that 
the celestial spaces are, in some slight degree, deficient in iraiM- 
parency ; so that all beyond a certain distance is, and must remain 
for eyer, unseen ; the geometrical progression of the extinction of 
light far outrunning the effect of any conceiyable increase in the power 
of our telescopes. Were it not so, it is argued, eyery part of the 
celestial concaye ought to shine with the brightness of the solar disc, 
since no yisual ray could be so directed as not, in some point or other 
of its infinite length, to encoimter such a disc." — Edinburgh Review^ 
p. 185, for January, 1848 ; ^udea tTAatronotnie SteUaire. 

(M) p. 39. — In the AairononUacTie Nachrichten of July, 1846, ap- 
peared a Memoir by M. Madler, Die CentrctUonne, The conclusions 
arriyed at by Madler, may be understood from the following quotation 
from a French translation, made by M. A. Gautier, in the Archives 
dea Sciences Phyaiquea et Naiurellee, for October, 1846. — ** Quoiqu'il 
resulte de ce qui precede que la region du ciel que j'ai adoptee satis- 
foit a toutes les conditions posees plus haut, il n'en est pas moins 
conyenable de la soumettre a toutes les epreuyes possibles. Plusi- 
eurs essais de combinaisons differentes m'ont conyaincu qu'on ne 
pourrait trouyer aucun autre point dans le ciel qui put tenir lieu, 
meme d'une maniere approchee, que celui que j'ai adopte. On 
pourrait maintenant m* addresser Tobjection que, si la region du ciel 
ou se trouYC le centre de grayite de notre systeme d'etoUes fixes, est 
determinee par ce qui precede entre certaines limites, U n'en resulte 
pas la necessite de choisir Alcyone pour ce centre, attendu qu'il 
pourrait bien tomber sur quelqu'autre etoile situee dans le groupe 
ou dans son yoisinage. Mais outre que c'est tout pres de la que se 
trouye le groupe le plus brillant et le plus riche en ^toiles de tout 
le ciel, et qu'il ne s'agit point ici d'un point arbitraire situe dans le 
yoisinage pen apparent et qui n'ait rien qui le distingue, il ne se 
trouye nul part, meme dans la region yoisine, une aussi exacte 
28« 
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eoiteofdMiee das numTements propret qu'ki, et cos mttUTementa 

coiTespondeBt mieuz que tons les aatres aux conditions etablies 
plus haut. Or si Ton doit considerer ce groupe central, entre les 
etoiles ^galement eloign^es, on pent presumer que la plus brillante 
de beauooup presente la plus grande masse. Outre cela Alcyone, 
eonsideree optiquement, est an milieu du gioupe des Fldfadea ; et 
son mouTement propre, determine par Besse]» est plus exactement 
en accord avec la moyenne de ceux des autrcs Pleiades ; ainai que 
des etoiles de cette region jusqu'a 10^ de distance. Jt puu done 
itablir comme ootuiquMce de tout ce qui precede que le groupe dee 
Plnadee eet h groupe central de Fentemble du eyeteme dee HoUee Jixee^ 
juequ*aux Umitee extirieuree determineee par la Vote Lactee; et que 
Aicgone eat VitoUe de ce groupe qui paraU etre, le plut vrai8emblable~ 
ment, le vrai Soieil central.'* 

(^) p. 39. — Seethe article On GravitaOonf Fenny Cyclopeedla, 
from the pen of the Astronomer RoyaL 

(^) p. 41. — Delambre dates the commencement of modem 
astronomical observation in its most perfect form from Maskelyne, 
who was the first who gave what is now called a standard catalogue 
(A.D. 1790) of stars ; that is, a number of stars observed with such 
frequency and accuracy, that their places serve as standard points 
of the heavens. BXb suggestion of the Nixutieal Almanack, and his 
superintendence of it to the end of his life, from its first publication 
in 1767, are mentioned in the Almanack (vol. i. p. 364) ; his Schshal- 
Hon Experiment on Attraction, in vol. iii. p. 69 ; and the character of 
his Greenwich Observatione in Greenwich Observatory, in voL ii. p. 442. 

(^) p. 41. — ExperimerUe to determine the density of the Earth, By 
Henry Cavendish, Esq., F.R.S. and F.A.S. —Philosophical Trans- 
actions, 1798. 

(^ p. 42. — Adams. An Explanation of the observed irregularitiee 
in the motion of Uranus, on the hypothesis of disturbance caused by a 
more distant Planet, — Appendix to Nautical Almanack for 1851. 

(^) p. 43. — Le Yerrier : Premier Memoire sur la theorie (f Uranus, 
Comptes Rendus, voL xxL ; ;Sifr la planete qui produit les anomalies 
observees dans le mouvement cT Uranus, — lb. vol. xxiiL 

(**) p. 43. — The experiment alluded to is one of a series by M; 
Plateau, who thus describes his arrangement of the fluid ; ** We 
begin by making a mixture of alcohol and distilled water, contaLoing 
a certain excess of alcohol, so that, when submitted to the trial of the 
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test tube, it lets the small sphere of oil fall to the bottom rather rap- 
idly. When this point is obtained, the whole is thrown upoji j&lters, 
care being taken to cover the funnels containing these last with plates 
of glass ; this precaution is necessary in order to prevent, as much as 
possible, the evaporation of the alcohol. The alcoholic lit^uor passes 
the first through the filters, ordinarily carrying with it a certain num- 
ber of very minute spherules of oil. When the greater part has 
thus passed, the spherules become more numerous ; what still re- 
mains in the first filters, namely, the oil and a residue of alcoholic 
liquor, is then thrown into a single filter placed on a new flask. This 
last filtration takes place much more slowly than the first, on account 
of the viscosity of the oil ; it is considerably accelerated by renewing 
the filter once or twice during the operation. If the funnel has been 
covered with sufficient care, the oil will collect into a single mass at 
the bottom of the flask under a Layer of alcoholic liquor." — On the 
phenomena pretented by a free Liquid Mass xoithdrawn from the action of 
Gravity. By Professor Plateau, of the University of Ghent. Trans- 
lated from the Memoirs of the Royal Academy of Brussels, voL xvi. ; in 
the Scientific Memoirs, vol. iv. part 13. 

(25) p. 47. — "The divisibility of matter is great beyond the 
power of imagination, but we have no reason for asserting that 
it is infinite ; for the demonstrations which have sometimes been 
adduced in favour of this opinion are obviously applicable to space 
only. The infinite divisibility of space seems to be essential to the 
conception that we have of its nature, and it may be strictly de- 
monstrated that it is mathematically possible to draw an infinite 
number of circles between any given circle and its tangent, none 
of which shall touch either of them except at the general point 
of contact ; and that a ship following always the same oblique course 
with respect to the meridian, — for example, sailing north-east- 
wards, — would continue perpetually to approach the pole without 
ever completely reaching it. But when we inquire into the truth 
of the old maxim of the schools, that all matter is infinitely di- 
visible, we are by no means able to decide so positively. Newton 
observes that it is doubtful whether any human means may be 
sufficient to separate the particles of matter beyond a certain limit ; 
and it is not impossible that there may be some constitution of 
atoms, or single corpuscles, on which their properties, as matter, de- 
pend, and which would be destroyed if the units were further 
divided ; but it appears to be more probable that there are no such 
atoms, and even if there are, it is almost certain that matter is never 
thus annihilated in the common course of natiure." — The Essential 
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PropertiM of UatUr : Toung's Natural PhUoaophy ; ed. by Ber. P. 
KeUand. 

(") p. 47. — " Two very diiferent hypotheses have been fbnned to 
explain the nature of matter, or the mode of its formation ; the one 
known as the atomic theory, the other, the dynamic. The founder of 
the former and earlier was Leucippus : he considered the basis of all 
bodies to be extremely fine particles, differing in form and nature, 
which he supposed to be dispersed throughout space, and to which 
his follower Epicurus first gaye the name of atoms. To these atoms 
he attributed a rectilinear motion, in consequence of which such as 
are homogeneous united, whilst the lighter were dispersed through 
space. The author of the second hypothesis was the fomous Kant. 
He imagined all matter existed, or was originated, by two antagonist 
and mutually counteracting principles, which he called attraction 
and repulsion, all the predicates of which he referred to motion. 
Most modem philosophers, and foremost amongst them Ampere and 
Poisson, hare adopted an hypothesis combining the features of both 
the preceding. They regard the atoms as data, deriving their origin 
from the Deity as the first cause, and consider their innate attractiye 
and repulsiTe force as a necessary condition to their combination in 
bodies. The main features of this hypothesis are borrowed from 
Aristotle, inasmuch as he supposed the basis of all bodies to be the 
four elements known to the ancients, the particles of which, endued 
with certain powers, constituted bodies. According to Ampere, all 
bodies consist of equal particles, and they again of molecules that, 
up to a certain distance, attract each other. Their distance from each 
other he supposed to be regulated by' the intensity of the attractive 
and repulsive forces, the latter of which preponderates." — Peschel's 
Elements of Physics ; translated by E. West. 1845. 

(ST) p. 48. — This was first proved by the researches of Dr. Dalton ; 
the subject will be again alluded to imder the consideration of 
atomic volumes. 

(28) p. 49. — These peculiar phenomena may be studied advantage- 
ously in the works of most of the eminent European chemists. In 
our own language, the reader is referred to Dr. Thompson's Outline of 
the Sciences of Heat and Electricity , 2nd Edition ; Brande's ManueU of 
Chemistry — Art. Specific Heat; Graham's Elements of Chemistry; 
and Daniel's Introduction to the Sticdy of Natural Philosophy. 

(29) p. 49. — The conversion of the diamond into graphite and coke 
was first effected by the agency of the galvanic arc of flame, by M. 
Jaquelini, and communicated to the Academy of Sciences in 1847, in 
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a Memoir entitled, D Faction caiorifique de la pile de Bunaen, du chal- 
umeau a gaz oxyglne et hydrogene aur le carbon pur, oHifidel et natttrel. 
See Comples Rendus, 1847, vol. xxiy. p. 1050 ; aUo Report of the British 
Aaaodation, for 1847, ( Tramactiom of Sections,) p. 50. 

{^) p. 60. — "In the annual report on the progress of chemistry, 
presented to the Rojal Academy of Stockhohn, in March 1840, 1 
have proposed to designate by the term aUotnopic statef that dissimi- 
lar condition which is observed in certain elements, and long known 
examples of which are found in the different forms of carbon^ as 
graphite and diamond. 

** Although these dissimilar conditions, which I have here called 
allotropic, have long since attracted attention in one or two elements, 
still they have been regarded as exceptions to the general rule. It 
is at present my object to show that they are not so rare ; that it is 
probably rather a general property of the elements to appear in differ- 
ent allotropic conditions ; and that, although we have hitherto been 
unable to obtain several of the elements when uncombined in their 
allotropic states, still their compoimds indicate the same with tolera- 
ble distinctness." — Berzelius on the AUotropy of the Elementan/ Bodies, 
8^0. : Poggendorff 's Annalen, 1844. Scienti&c Memoirs, voL iv* p* 
240. 

(81) p. 60. — ** Copper, when reduced by hydrogen at a heat below 
that of redness, on exposure to air soon becomes converted throughout 
its mass into protoxide ; and when it is triturated for some tune with 
an equivalent quantity of sulphur, it combines with it according to 
Bottcher's experiment, producing fUone, and forming sulphuret of 
copper. If, however, the copper be reduced by hydrogen at a red 
heat, still considerably below the temperature at which it softens and 
begins to melt, it remains for years unchanged by exposure to ur, 
and cannot be made to combine with sulphur without the application 
of heat. Iron, cobalt, and nickel, when reduced by hydrogen below 
a red heat, inflame after they have cooled, if exposed to the air ; and 
if they are immediately placed in water to avoid their taking Are, 
they inflame when they are again removed, and become nearly dry. 
If we compare this behaviour with that of iron reduced by heat, and 
with iron in that state in which it forms the conductor of a galvanic 
current without becoming oxidized, it wotdd appear that these 
peculiarities depended upon something more than a diflerence of 
mechanical condition. " — BerzeUus on the AUotropy of Elementary 
Bodies. See On the Isomeric Conditions of the Peroxide of Tin: by 
Frof. H. Bose.— Chemical Gazette, Oct. 1848. 
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{^) p. 51. — On this curious subject, and its history, see Bergman's 
Diuert, de Phlog. guaniitate in Metallia, 1764. Kirwan, On the AUrac- 
tive Powers of Mineral Adda: Philosophical Transactions. Kier's 
Experimentt and Observationa on the Diasolvtion of MetaU in Acids: 
PhU. Trans. 1790. 

Prom these Taluable papers it will be seen that the peculiar states 
of iron had ahready attracted attention, particularly those ** inactire 
conditions " noticed in a **Note aur la Maniere ^agir de V Acids nihique 
tttr U FeTf par J, F, W, Herachelf* Aug. 1833 ; and previously in- 
dicated by M. H. Braconnot, Sur quelgues Proprielea de fAdde nitriqtie, 
Annales de Chimie, vol. lii. p. 64, Keference should also be 
made to the Memoirs of Sir John Herschel, On the Action of the Rays 
of the Solar ^>eetrum on Vegetable Colours, S^c. : PhiL Trans. toL 
cxxxiii. p. 221 ; and On the Separation of Iron from other Metals: Phil. 
Trans. yoL czL p. 293 ; and several papers by Schonbein, in the Phi- 
losophical Magazine, from 1837. 

C) p. 51. — Faraday, in his memoir On new Magnetic Actions^ and 
on the Magnetic Condition of all Matter, says: "By the exer- 
tion of this new condition of force, the body moved may pass either 
along the magnetic lines or across them, and it may move along or 
across them in either or any direction, so that two portions of matter, 
simultaneously subject to this power, may be made to approach each 
other as if they were mutually attracted, or recede as if mutually re- 
pelled. All the phenomena resolve themselves into this, that a por- 
tion of such matter, when imder magnetic action, tends to move 
from stronger to weaker places or points of force. "When the 
substance is surrounded by Hues of magnetic force of equal power 
on aU sides, it does not tend to move, and is then in marked contra- 
distinction with a linear current of electricity under the same 
circimistances.'* — PhQ. Trans, for 1846, vol. cxxxviL 

{^J p. 52. — New Experiments and Observations on Electricity, made 
at Philadelphia, in America, — Addressed to Mr. Collinson, from 1747 
to 1754. By Benjamin Franklin. Of these Priestley remarks : <<It 
is not easy to say whether we are most pleased with the simplicity 
and perspicuity with which the author proposes every hypothesis of 
his own, or the noble frankness with which he relates his mistakes, 
when they were corrected by subsequent experiments." 

W p. 52. — "The atomic philosophy of Epicurus, in its mere 
physical contemplation, allows of nothing but matter and space, which 
are equally infinite and unboimded, which have equally existed from 
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all eternity, and from different combinations of which eyery visible 
form is created. These elementary principles hare no common prop- 
erty with each other ; for whatever matter is, that space is the reverse 
of; and whatever space is, matter is the contrary to. The actual 
solid parts of all bodies, therefore, ar^ matter, their actual pores 
space, and the parts which are not altogether solid, but an intermix- 
ture of soHdity and pore, are space and matter combined. 

** These infinite groups of atoms, flying through all time and space 
in different directions and imder different laws, have interchangeably 
tried and exhibited every possible mode of rencoimter : sometimes 
repelled from each other by concussion, and sometimes adhering to 
each other from their own jagged or pointed construction, or from 
the casual interstices which two or more connected atoms must pro- 
duce, and which may be just adapted to those of other figures, as 
globular, oval, or square. Hence the origin of compoimd and visible 
bodies ; hence the origin of large masses of matter ; hence, eventually, 
the origin of the world itself." — Dr. Good's Book of Nature, 

(^) p. 53. — A Course of Lectures on NcUural Philoaophy and the 
Mechanical Arts, By Thomas Young, M. D. Lecture 49, On the 
essential properties of Matter, 

(f) p. 67, — •* Gay-Lussac first made the remark, that a crystal of 
potash alum, transferred to a solution of ammonia alum, continued 
to increase without its form being modified, and might thus be 
covered with alternate layers of the two alums, preserving its 
regularity and proper crystalline figure. M. Beudant afterwards 
observed that other bodies, such as the sulphates of iron and copper, 
might present themselves in crystals of the same form and angles, 
although the form was not a simple one, like that of alum. But 
M. MitscherUch first recognized this correspondence in a sufficient 
number of cases to prove that it was a general consequence of 
similarity of composition in different bodies." — Graham's Elements 
of Chemistry (1842), p. 136. 

The following remarks are from a paper by Dr. Hermann Kopp, 
On the Atomic Volume and Crystalline Condition of Bodies^ &c, pub- 
lished in the Philosophical Magazine for 1841 : *<The doctrine of 
isomorphism shows us that there are many bodies which possess an 
analogous constitution, and the same crystalline form. Our idea of 
the volume (or, in other words, of the crystalline form) of these bodies 
must therefore be the same. From this it follows that their specific 
weight is dependent upon our idea of mass, that is, of atomic weight. 
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whilst out idea of specific weight is coimected with mass contained in 
the same Tolume. From these considerations the following law may 
be deduced : T%e specific weight of iaomorphoua bodies ia proportional to 
their atomic weighty or isomorphoua bodies possess the same atomic 
volume" — p. 266, A translation appears in the works of the Cav- 
endish Society, from Dr. Otto's Chemistry, On Isomorphism, which 
may be adyantageously consulted. See also a paper by M. Rose, 
translated from the Proceedings of the Boyal Berlin Academy for the 
Chemical Gazette, Oct. 1848, entitled. On the Isomeric Conditions of 
the Peroxide of Tin, 

(*) P« 57. — A System of Minerahgy, comprising the most recent 
discoveries : by James D. Dana, A. M., New York, 1844. 

(*) P» 57. — Crystallogeny, or the formation of crystals, is the term 
employed by Dana, in his admirable work quoted aboye : whose 
remarks on Theoretical CrystdUogeny, p. 71> are well worthy of all 
attention. 

(**) p. 68. — On the Magnetic relations of the Positive and Negative 
Optic Axes of Crystals: by Professor Plucker, of Bonn. — Philosophi- 
cal Magazine, No. 231 (3rd Series), p. 450. Experimental Researches 
on Electricity ; On the crystalline polarity of Bismuth and other bodies, 
and on its relation to the magnetic form of force : by Michael Faraday, 
Esq., F.K.S. — Transactions of the Boyal Society for 1848. 

(^) p. 68. — In the Memoirs of the Geological Survey of the United 
Kingdom, and of the Museum of Economic Geology, vol. i. 1846, will be 
found a paper, by the author of this volume. On the Influences of 
Magnetism on Crystallization, and other Conditions of Matter, in which 
the subject is examined with much care. See also Magnetisme polaire 
d^une montagne de Chlorite schisteuse et de Serpentine : Annales de 
Chimie, vol. xxv. p. 327 ; Influence du Magnetisme sur lea auctions 
chimiques, by TAbbe Kendus ; and also a notice of the experiments 
of Hitter and Hansteen, " Analysees par M. (Ersted ;" also Effete du 
Magnetisme terrestre sur la precipitation de t Argent, observes par M, 
Muschman : Annales de Chimie, vol. xxxviii. p. 196-201. 

(**) p. 60. — The transparent varieties of sulphate of lime are 
distinguished by the name Selenite ; and th§ fine massive varieties 
are called Aldbcister, Gypsum often forms very extensive beds in 
secondary coimtries, and is also found in tertiary deposits; occa- 
sionally, in primitive rocks ; it is also a product of volcanoes. The 
finest foreign specimens are found in the salt mines of Bex, in Swit- 
zerland ; at Hall, in the Tyrol ; in the Sulphur-mines of Sicily ; and 
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in th^ g^ypsTim formation near Ocana in Spain. LiBngland^ the day 
of Shotover Hill, near Oxford, yields the largest crystalfi. See 
Dana's Mineralogy, second edition, p. 241. 

(^) p. 64. — The following table of the rays penetrating coloured 
glasshas been giyen by Melloni, in his memoir On the Fne 3>afa«- 
miaaion of Radiant Heat through Different Bodies, 



Deep violet . • . . • 63 

Yellowish red (flaked) . • 63 

Purple red (flaJoed) ... 61 

Vivid red 47 

Pale violet 46 

Orange red 44 

Clear blue 42 



Deep yellow 40 

Bright yeUow 34 

Golden yellow 33 

Deep blue 33 

Apple green 26 

l^eral green 23 

Very deep blue . . • • 19 

Translated in the Scientific Memoirs, vol. i. p. 30. 

(**) p. 64. — "The physical characters of this species of glass, which 
acts so differently from the other species of coloured glass in all the 
phenomena of calorific absorption, are, 1st, its intercepting almost 
totally the rays which pass through alum ; 2nd, its entirely absorbing 
the red rays of the solar spectrum. I have already stated that their 
colouration is produced almost entirely by the oxide of copper. 

« Thus, the colouring matters of the coloured glasses, while they 
so powerfully affect the relations of quantity which the different 
rays of ordinary light bear to each other, exercise no elective action 
on the concomitant calorific rays. This curious phenomenon is the 
more remarkable as the colouring matters absorb almost always a 
very considerable portion of the heat naturally transmitted by the glass. 
The following are, in fact, the calorific transmissions of the seven 
coloured glasses referred to ; the transmission of the common glass 
being represented by 100 ; red glass, 82.6 ; orange, 72.6 ; yellow, 66 ; 
bluif^-green, 67.6 ; blue, 62.6 ; indigo, 30 ; violet, 86. The quantity 
of heat absorbed through the action of the colouring substances is, 
therefore, 17.6 in the red glass, 27.6 in the orange, 46 in the yellow, 
42.6 in the green, 47.6 in the blue, 70 in the indigo, and 16 in the 
violet. Now, as these absorptions extinguish a proportional part of 
each of the rays which constitute the calorific stream transmitted by 
common glass, they may be compared, as we said before, with the 
absorbent action exercised on light by matters more or less deeply 
brown or dark, when they are immersed in water, or some other 
colourless liquid which dissolves, but does not affect them chemical- 
ly.'' — Annates de Chimieet de Physique, torn, xl. p. 382. 

Guided by thesie principles, the author selected the glass employed 
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in glftdng the Kojal Palm-House, at Kew Botanical Gardens, where 
it was desired to obstmct the passage of those rays which haye a 
partlcnlar scorching influence. Of this glass a description was given 
at the meeting of the British Association at Oxford, and appears in 
the lYansactions for that year ; and a paper mote in detail will be 
foond in the forthcoming TransactionB of the Society of Arts. 

(^ p. 66. — In the PhUoaojMoal TranaacHona, Yol. xc, the foliowing 
papers, by Sir William Herschel, may be consulted : — 

ItwettigaUan of the powers of the prismatic colours to heat and iUumi- 
note olijects ; icith remarks that prove the different refrangihiUty of radiant 
heat. To which is added, an inquiry into the method of viewing the rait 
mdeantageouahf, with teleseopes of large apertures and high magnifying 
powers, p. 266. Experiments on the reJrangibiHty of the invisible rays of 
ihe sun, p. 284. Experiments on the solar and on the terrestrial rays that 
occasion heat ; with a comparative view of the laws to which light and heat, 
or rather the rays which occasion them, are subject, in order to determine 
whether they are the same or different, pp. 293, 437. 

In connection with this inquiry, Sir William Herschel remarks, 
that since a red glass stops no less than 692 out of 1,000 such rays as 
are of the refrangibillty of red light, we have a direct and simple 
proof, in the case of the red glass, that the rays of light are transmit- 
ted, while those of heat are stopped, and that tiius they hare nothing 
in common but a certain equal degree of refrangibility, which by the 
power of the glass must occasion them to be thrown together into the 
place which is pointed out to us by the yisibility of the rays of 
light. 

On the same subject, a Memoir, by Sir Henry Englefield, in the 
Journal of the Royal Institution for 1802, p. 202, may be consulted ; 
and Researches on Light, by the Author. 

(^ p. 65. — Dr. Draper, On the production of light by heat^ in the 
PhU. Mag. for 1847. 

Sir Isaac Newtpn fixed the temperature at which bodies become self- 
luminous at 635® ; Sir Humphrey Davy at 812® ; Mr. Wedgewood at 
947® ; and Mr. Daniell at 980® ; whilst Dr. Draper, from his experi- 
ments, gives 977® ; and Dr. Bobinson 865®. 

In a review of the above paper by Melloni, entitled, JUsearehes on ihe 
Radiations of Incandescent Bodies, and on the Elementary Colours of the 
Solar Spectrum, translated from Silliman's Journal for August, 1847* 
he remarks : — 

** 1 say that they conduct, as do others heretofore known on light 
and radiant heat, to a perfect analogy between the general laws which 
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goyem these two great agents of nature. I will add» that I regard the 
theory of their identity as the only one admissible by the rules of phil- 
osophy ; and that I consider myself obliged to adopt it, until it shall 
have been proved to me that there is a necessity of having recourse to 
two different principles, for the explanation of a series of phenomena 
which at present appear to belong to a solitary agent.'' 

Reference should also be made to a paper by Dr. Robinson, On the 
effects of Heat in lessening the Affinities of the Elements of Water , in the 
Transactions of the Royal Irish Academy, 1848, where he says that 
"when a platinum wire is traversed by a current gradually in- 
creased tiU it produces ignition, the first gleam that appears is not 
red, but of a colour which, when I first saw it, I compared to the 
« lavender ray ' discovered by Sir John Herschel beyond the violet, 
though I was surprised at seeing the tint of that most refrangible ray 
preceding the ray which is least so. It is quite conspicuous at about 
865^ ; and as the mode in which it makes its appearance presents 
nothing abrupt or discontinuous, it seems likely that it is merely a 
transition from invisible rays excited at a lower temperature to or- 
dinary light." — p. 310. 

if) p. 66.— In the Bakerian Lecture for 1842, On the transparency 
of the Atmospheref and the law of extinction of the solar roffs in passing 
through it, by James D. Forbes, Esq., F. R. S., &c., will be found a most 
complete investigation of this subject. 

The experiments were, for the most part, made in Switzerland 
with Sir John Herschel's actinometer, and they prove most satisfoc- 
torily, — ** That the absorption of the solar rays by the strata of air 
to which we have immediate access, is considerable in amount for 
even moderate thicknesses." 

(tf) p. 66. — After reforring to several curious and instructive 
experiments, in which peculiar chemical changes are produced under 
the influence of the solar rays by their Hba.t, Sir John Herschel 
says : — 

^ These rays are distinguished from those of Light by being invisi- 
ble ; they are also distinguished from the purely calorific rays beyond 
the spectrum, by their possessing properties (of a peculiar character, 
referred to informer papers) either exclusively of the calorific rays, or 
in a much higher degree. They may perhaps not improperly be 
regarded as bearing the same relation to the calorific spectrum which 
the photogpraphic rays do to the luminous ones. If the restriction to 
these rays of the term thermic, as distinct from cahrifict be not (as I 
think, in f&ct, it is not) a sufficient distiaction, I would propose the 
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tenn parathermte ra)ff» to designate them. These are the rays which 
I eonceire to be active in prodnoing those sing^idar molecular affec- 
tions which determine the precipitation of yaponrs in the experi- 
ments of li^essrs. Braper, Moser» and Hunt, and which will probably 
lead to important discoyeries as to the intimate nature of those 
forces resident on the surfaces of bodies, to which M. Dutrochet has 
given the name of epipolio forces." — On certain improvements in Phot" 
ograp?»icproce89e$t described in a former communication (Phil. Trans, vol. 
ozzxin.) ; and On the Paraihermie Rays of the Solar Spectrum : PhiL 
T^sns.T0L czxxiv. 

The experiments of Mrs. Somerville, On the action (fihe Rays of the 
Spectnitmon Vegetable Juices (Phil. Transactions, vol. cxxxvii.)» appear 
to connect themselves with this particular class of rays in a curious 
manner. 

(*) p. 67. — Experiments on the influence of heat on differently- 
coloured bodies were first made by Dr. Hooke ; and it was not until 
long after that Franklin made his ingenious experiments. Davy ex- 
posed to sunshine six equal pieces of copper, painted white, yellow^ 
red, green, blue, and black, in such a manner that one side only was 
.illuminated. To the dark side he attached a bit of cerate, ascertained 
by experiment to melt at 70*. The cerate attached to the black 
became fluid first, the blue next, then the green and red, and lastly 
the yellow and white. — Beddoes's Contributions to Physical SmowI- 
edgct and collected works of Sir Humphrey Davy, vol. it p. 27. 

(*) p. 68. — By reference to the Treatise on Heat, in the Encyda^ 
pcMUa MetropoUtanOf nxunerous suggestive experiments will be found, 
all bearing on this subject. PescheFs Elements of Physics may also be 
consulted with advantage. The fact is, however, simply proved by 
placing the bulbs of delicate thermometers, so as to be completely in- 
volved in the petals of flowers exposed to simshine, shading the 
upper portion of the stem of the instrument. 

a^) p. 68. — Moser, On Vision^ and on the action of Light on Bodies : 
and also On Latent Light : Scientiflc Memoirs, voL iiL Draper, On 
certain Spectral Appearances^ and on the discovery of Latent Light ; PhiL 
Mag. Nov. 1842. 

(**) p. 68. — A particular examinatioh of this curious question will 
be found in the Author's report On the influence of the Solar Rays on 
the Growth of Plants : Iteports of the British Association for 1847. 

W P» 71. — Ammianus Marcellinus ascribes the longevity and 
robust health of moimtaineers to their exposure to the dews of night. 
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Dew was employed by the alchemists in their ezperimenta on the 
solution of gold. The ladies of old collected the " celestial wash," 
which they imagined had the virtae of preserving their fine fonns, 
by exposing heaps of wool to the influences of night radiation. It 
was supposed that the lean features of the grasshopper arose from 
that insect feeding entirely on dew, ** Dumque thymo pascentur apes, 
dum rore cicadie/ Virgil, Eclog. 

See some curious remarks by Boyle, On the potoer of Dew in teork- 
ing on Solid Bodies: Works of the Honorable R. Boyle, yoL v« p. 121, 
1744. 

(«*) p. 72. — See the Reaearchea on Heat, by Professor James Forbes, 
in the Transactions of the Royal Society ofEdinbargh; also Mel- 
loni's papers on the same subject in the Annalea de Chimie^ several of 
which have been translated into the Scientific Memoirs, edited by Mr. 
Richard Taylor. 

(") P* 72. — The phenonema of dew have constantly engaged the 
attention of man. Aristotle, in his book De Mundo, puts forth some 
just notions on its nature. An opinion has almost always prevailed 
that dew faUs. Gersten appears to have been the first who opposed 
this motion. He was followed by Muschenbroeck, and then by Du 
Pay. The researches of Leslie were of a fiEur more exact character. 
Br. Wilson, in the Transactions of the Royal Society of Edinburgh, 
1st voL, published a Memoir on Hoar Frost, of much interest ; but 
the questions involved remained unsettled imtil the researches of 
Dr. Wells, which were published in his Essay on Dew, in 1814. 

(*) p. 72. — ^By far the most complete set of experiments on the 
radiation of heat from the surface at night, which have been pub- 
lished since Dr. Wells's memoir On Dew, are those of Mr. Glaisher 
of the Royal Observatory at Greenwich. Instruments of the most 
perfect kind were employed, and the observations made with sedu- 
lous care. The results will be found in a memoir On the Amount of 
the Radiation of Heat, at night, from the Earth and from various bodies 
placed on or near the Surface of the Earth, by James Glaisher, Esq.; 
Philosophical Trans, for 1847, part 2. 

(«0 P« 73.— Dr. Wells noticed the practical fact that very light 
shades protected delicate plants from frost, by preventing radiation. 
Mr. Goldsworthy Gumey has made a series of interesting experi- 
ments, and he imagines that by shading grass-lands with boughs of 
trees, or any light litter, a more abimdant crop is produced. The 
subject has been discussed in the journals of the Royal Agrioultuzal 
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SoeieCy. Ifay not the apparent incieaie be dne entirely to the sne- 
oalent condition in which * plant always grows in the shade ? 

(*) P* 74.-'This paper of Melloni's will be found in the BibU- 
othiqtu VhiverseUe de Qenitve for 1843. The concltiBions are highly 
ingenions, but they rest entirely on the analogy supposed to be 
discoYered between the relations of heat» like light, to the coloured 
rays of the spectrum. This, it must be remembered, is not the case, 
■inoe eren Sir William Herschel showed that red light might exist 
with only a minimnm of calorific power, notwithstanding the £m^ 
that the maTinnim heat-ray of the spectrum coincides with the red 
rays. 

C*) P* 76. — ^Dr. Robinson, of Armagh, in his memoir On the EffeeU 
of Heat in leeeening the Affinitiea of the Elementt of Water. — l>ansac- 
tions of the Royal Irish Academy, yoI. xzi. part 2. 

(^) p. 77. — On this sulject consult Robert Were Fox^ On the Tern- 
peroiure oftheMinet of ComwalL — Cornwall Geological Transactions, 
ToL it ; W. J. Henwood* on the same subject, lb. yoL y. ; Reports of 
the British Association, 1840, p. 315 ; Edinburgh New Philosophical 
Journal, YoL xxiy. p. 140. 

(^) p. 78. — On the eauaee of the temperature of Sot and Thermal 
Springs ; and on the hearings of this sul^ject as connected with the general 
question regarding the internal temperature of the Earth : by Professor 
Gustay Bischoff^ of Bonn. — Edinburgh New Philosophical Journal, 
YoL XX. p. 376 ; yoL xxiii. p. 330. Some interesting information on 
the temperature of the ground will be found in Erman's TroMle in 
Siberia, translated by W. D. Cooley, yoI. L p. 339 ; yoL iL p. 366. 
Sitr la Profondew a laquette se trouve la couche de Temperature invariable 
entre let Tropiques, by Boussingault : Annales de Chimie et de 
Physique, 1833, p. 225. Reference may also be made to Humboldt's 
Cosmos, Sabine's translation, yoI. i« p. 165, &c ; and to the excellent 
article on Meteorology, by George Haryey, in the Encyclopaedia 
Metropolitana. These chthonisothermal lines are, howeyer, mate- 
rially influenced by the form of the surface, curyiog upwards under 
ft mountain, and downwards under extensiye yalleys. 

(^ P* 78. — These results are obtained from the yaluable obser- 
yations of Robert Were Fox, Esq., made with great care by that 
gentleman in seyeral of the Cornish mines : Bsport on some Observa^ 
tions on Subterranean Temperature. — British Association Reports, yoL 
ix. p. 309 ; Philosophical Ma ga z i ne, 1837> yoL iL p. 520* 
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(®) p. 80.^ !EVom liis ezperiments, tlie foUowing concltisio&s'were 
arriyed at by M. Delaroche : — 

1. Invisible radiant heat may, in some circimistances, pass directly 
through glass. 

2. The quantity of radiant heat which passes directly through, 
glass is so much greater, relative to the whole heat emitted in the 
same direction, as the temperatxire of the source of heat is more 
elevated. 

3. The calorific rays which have already passed through a screen 
of glass, experience, in passing through a second glass screen of a 
similar nature, a much smaller diminution of their intensity than 
they did in passing through tjie first screen. 

4. The rays emitted by a hot body differ from each other in their 
flEUsulty to pass through glass. 

6. A thick glass, though as much or more permeable to light than 
a tfadn glass of worse quality, allows a much smaller quantity of 
radiant heat to pass. The difference is so much the less as the tem- 
perature of the radiating source is more elevated. 

6. The quantity of heat which a hot body yields in a given time, 
by radiation to a cold body situate at a distance, increases, cteteria 
paribus, in a greater ratio than the excess of temperature of the first 
body above the second. — Journal de Physique, voL btxv. 

(**) p. 80. — Sir David Brewster differs from the conclusions 
arrived at by Delaroche. He thus explains his views: «The ina- 
bility of radiant heat to pass through glass, may be considered as a 
consequence of its refusing to yield to the refractive force ; for we 
can scarcely conceive a particle of radiant matter freely permeating 
a solid body, without suffering some change in its velocity and 
dfrection. The ingenious experiments of M. Prevost, of Geneva, 
and the more recent ones of M. Delaroche, have been considered as 
establishing the permeability of glass to radiant heat. M. Frevest, 
employed movable screens of glass, and renewed thetn oontinuaUy, 
in order that the result which he obtained might not be ascribed to 
the heating of the screen ; but such is the rapidity with which heat 
is propagated through a thin plate of glass, that it is extremely 
difficult, if not impossible, to observe the state of the thermometer 
before it has been affected by the secondary radiation from the 
screen. The method employed by M. Delaroche, of observing the 
difference of effect, when a blackened glass screen and a transparent 
one were made successively to interest the zadiant he«t> is liable to 



Digitized by VjOOQ iC 



844 KOTB8. 

■n obriouB error. The radiant heat would find a quicker passage 
through the transparent screen; and, therefore, the difference of 
effect was not due to the transmitted heat, but to the heat radiated 
from the anterior surfiuse. The truth contained in M. Belaroche's 
fifth proposition is almost a demonstration of the fiidlacy of all those 
that precede it. He found that ' a thick plate of glass, though as 
much or more i>ermeable to light than a thin glass of worse qualitj, 
allowed a much smaller quantity of radiant heat to pass/ If he had 
employed yery thick plates of the purest fiint glass, or thick masses 
of fiuid that hare the power of transmitting light copiously, he would 
haye found that not a single particle of heat was capable of passing 
directly through transparent media." — Sir B. Brewster, On new 
propertiei of hMt aa exhibited in ite propagation along piatee of glass. 
Philosophical Transactions, toL cii. p. 107. 

(•) p. 80. — Proposal of a New Nomendaturefor the Science of Calo^ 
riJSc Radiations f by M. MeUonL Bibliotheque Uniyerselle de Geneve, 
No. 70. Scientific Memoirs, yoL iii. part 12. Many of the terms, as 
Diathermasy, or transparency for heat; Adiathermasy, opacity fior 
heat ; Thermochroic, coloured for heat, and others, are valuable sugges- 
tions of forms ^of expression which are required in dealing with 
these physical phenomena. 

{^ p. 81. — For a careful examination of the several theories of 
heat, consult Dr. Young's Course of Lectures on Natural Philosophy, 
&c., Lecture 52, On the Measures and theNatttre of Heat; also Powell's 
very excellent R^Mrts on Radiant Heat — Reports of the British 
Association, 1832, 1840. The transcendental view which the imma- 
terial theory leads to, cannot be better exemplified than by the 
following quotation from that inexplicable dream of a talented man, 
Elemmts of PhysiopMlosophy, by Lorenz Oken, M. B. (translated for 
the Ray Society, by Alfred Tulk) : — 

*' Heat is not matter itself any more than light is ; but it is only 
the act of motion in the primary matter. In heat, as well as in light, 
there certainly resides a material substratum ; yet, this substratum 
does not give out heat and light ; but the motion only of the substra- 
tum gives out heat, and the tension only of the substratum light. 
There is no body of heat ; nitrogen is the body of heat, just as oxy- 
gen may be called the body of fire. Heat is real space ; into it all 
forms have been resolved, as all materiality has been resolved into 
gravity, and all activity, aU polarity into light. Heat is the univer- 
sal form, consequently the want of fDrm." 
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(^) p. 81. — H^moires de la Soci^te Physique, &c, Geneye, torn. 
iL part 2. 

(®) p. 82. — This curious phenomenon was first observed by Mr. 
Trerelyan, whose Notice regarding some Experimenta on the Vibration of 
Heated Metals will be found in the Transactions of the Royal Society 
of Edinburgh, vol. xii. 1837. In a Memoir in the same volume, 
entitled Experimentckl Reaearchee, regarding certain vibrations which 
take place between metcUUc tnasses having different temperatures^ Pro- 
fessor Forbes draws the following ccmclusions : '- 

1* '< The vibrations never taJ^e place between substances of the 
same nature. 

2. <*Both substances must be metallic. 

3. *<The vibrations take place with an intensity proportional 
(within certain limits) to the difference of the conducting powers of 
the metals for heat or electricity ; the metal having the least con- 
ducting power being necessarily the coldest. 

4* ''The time of contact of two points of the metals must be 
longer than that of the intermediate portions. 

5, "The impulse is received by a distinct and separate process at 
each contact of the bar and block, and in no case is the metallic con- 
nection of the bearing points in the bar, or those of the block, in any 
way essential. 

6. ** The intensity of the vibration is (under certain exceptions) 
proportional to the difference of temperature of the metals." -^ Trans- 
actions of the Royal Society of Edinburgh, voL xii. 

(**) p. 82. -^ The Bakerian Lecture. On certain Phenomena of Vol- 
taic Ignition^ and the Decomposition of Water into its Constituent Gases 
by Heat: by W. R. Grove, Esq. — Philosophical Transactions, 1847. 
Parti. 

(y«) p. 83. — Davy's Besearchss on Flame, Works, voL vi — Philo- 
sophical Transactions for 1817. 

(71) p. 83. '-' On the Effect of Heat in lessening the affinities of the 
Elements of Water : by the Rev. Thomas Romney Robinson, B. D. — 
Transactions of the Royal Irish Academy, vol, xxi. part 2. 

(73) p. 83. — An Inquiry concerning the Chemical properties tXtxt have 
been attributed to Light: by Benjamin, Count of Rumford. — Philo- 
sophical Transactions, vol. Ixxxviii. p. 449, — The results obtained 
\y Count Rumford were probably due to the non-luminous heat- 
rays — parathermic rays — wldch §re known to be given off by boil- 
ing water. 
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C) p. 83. — For Dr.Bnper's paper, see Fhilosopliical Magazine 
for May, 1847, yoL zxx. 3rd aeries. 

(^*) p. 84. — On the action of the raya of the Solar Spectrum on Veffe- 
tabie Coloura : by Sir J. F. W. Herschel, Bart. 

The proof of the continuation of the visible prismatic spectrum 
beyond the extreme violet may be witnessed in the following man- 
ner : " Paper stained with tincture of turmeric is of a yellow colour ; 
and, in consequence, the spectrum thrown on it, if exposed in open 
daylight, is considerably affected in its apparent colours, the blue 
portion appearing violet, and the violet very pale and feunt; but 
beyond the region occupied by the violet rays, is distinctly to be seen 
a fffint prolongation of the spectrum, terminated laterally, like the 
rest of it, by straight and sharp outlines, and which, in this case, affects 
the eye with the sensation of a pale yellow colour.'* — Philosophical 
Transactions, p. 133. 

C) P* 86. — The most complete exposition of ifie theory that 
animal heat is derived from chemical action only, will be found in 
Animal Chemiitry, or Chemistry in its applicationa to Physiology and 
Pathology, by Justus Liebeg : translated by Dr. Gregory. The con- 
clusions arrived at by the author, notwithstanding his high — and 
deservedly high — position in chemical science, must, however, be 
received with great caution, many of them being founded on most in- 
correct premises, and his generalizations are of the most hasty and 
imperfect character. At page 22, the following passage occurs : *< If 
we were to go naked, like certain savage tribes, or if in hunting or 
fishing we were exposed to the same degree of cold as the Samoiedes, 
we should be able, with ease, to consume ten pounds of flesh, and, 
perhaps, a dozen of tallow candles into the bargain daily, as warmly- 
clad travellers have related with astonishment of these people. We 
should then also be able to take the same quantity of brandy or 
train-oil without bad effects, because the carbon and hydrogen of 
these substances would only suffice to keep up the equilibrium be- 
tween the external temperature and that of our bodies." 

A brief examination will exhibit the error of this. The analysis of 
Bee^ by Dr. Lyon Playfair, is as follows : — 



Carbon 


• • 


61.83 


Hydrogen 


> • • 


7.67 


Nitrogen 


• 


16.01 


Oxygen . 


• . 


21.37 


Ashes 


. , 


4.23 
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And the following luui been given by Gheyrenl as the eompoeition of 
mutton tallow : — 

Carbon . . . ; . 96 

Hydrogen . . . • • 16 

Nitrogen . • ... 16 

Oxygen • • • . . 48 

About three times the quantity of oxygen to the carbon eaten, is re- 

quired to convert it into carbonic acid ; hence, the Samoiede, eating 

more highly carbonized matter, must inspire 288 ozs. of oxygen daily, 

or nearly eight times as much as the *' ordinary adult." By the 

lungs he must take into the body 2,304 cubic feet of air besides what 

will be absorbed by the skin. His respirations must be so much 

quickened, that at the lowest possible calculation he must hare 500 

pulsations a minute. Under such conditions it is quite clear man 

could not exist. There is no disputing the fact of the enormous 

appetites of these people ;*but aU the food is not' removed from the 

system as carbonic acid gas. 

C^ p. 87. — An interesting paper by Dr .Davy, On the Temperature 
of Man, will be found in the Philosophical Transactions, vol. cxxxvi. 
p. 319. — Sir Humphrey Davy, in his Consolations in Travel, or the 
Last Days of a Philosopher, in his fourth dialogue. The Proteus, has 
several ingenious speculations on this subject. 

, (P) V* 87. — Expose de guelques restdtats obtenus par faction com' 
binie de la chaleur et de la compression sur certains liquides, tels qtie feau, 
Falcool, tether stUfuriqtie, et t essence de petrole rectiJUe: par M. le Baron 
Cagniard de la Tour. 

The three following conclusions are arrived at : — 

1. Que I'alcool a 36 degres, Tessence de petrole rectifiee a 42 
degres, et Tether sulfurique soumis a Taction de la chaleur et 
de la compression, sont susceptibles de se reduire completement 
en vapeur sous un volume un pen plus que double de celui de 
chaque liquide. 

2. Qu'ime augmentation de pression, occasionnee par la pre- 
sence de Tair dans plusieurs des experiences qui viennent d'etre 
citees, n'a point apport^ d'obstacle a I'evaporation du liquide 
dans le m^me espaoe ; qu'elle a seulement rendu sa dilatation plus 
calme et plus facile a suivre jusqu'au moment ou le liquide 
semple s'evanouir tout-a-coup. 

3. Que Teau, quoique susceptible sans doute d'etre reduite 
en vapeur tres-comprunee, n'a pu etre soumise a des experiences 
completes, faute de moyens suffisans pour assurer I'exacte ferme- 
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t«N 4e k mwiwitft de CCT up w wi on, sen phu qme dins I01 tobei 
de Tem dont elle mlt^re la tnauiparence en s'empanat de Talcali 
qui entre dans leor composition. — ^Annales de Chimle, yoL xzL 

C*) p. 98. — - Sur lea ffhenominea que ftreaenUni lea eorpa proJeUa aur 
dea awfacea chautka: par M. Boutigny (d'Eyreox). — Annales de 
Chimie et de Physique, toI. xi. p. 16. Cancelation du nurcure en 
troU aeamdaa, en veriu de tiUU aphirtndal dana un ereuaet inoandeaeeni : 
par H. Faraday. — Ibid., toL ziz. p. 383. 

aph&nidai CondUUm of Bodiea (Extraifc d'une Note de VL Boutigny 
d'Errenx). 

**Au nombrs des propri^t^s des corps a I'etat spheroidal, il en 
est einq qui me parsissent oaract^iistiques et fondamentales, et 
c'eet snr ees cinq proprietes que je base la definition que je 
soumets aujourd'hui au jugement de TAcademie. Ces cinq pro- 
prietes sent : — 

** 1. La forme arrondie que prend la* matiere sur une surface 
chaufiee a une certaine temperature. 

'*2. Le £ut de la distance permanente qui existe entre le 
corps a Tetat spheroidal et le corps spheroidalisant. 

** 3. La propriete de reflechir le calorique rayonnant. 

"4. La suspension d Taction chimique. 

**5. La fixite de la temperature dea corps a T^tat spheroidaL 

<<Cela pose, yoici la definition que je propose: un corps projete 
sur une surface chaude est a T^tat spheroidal quand il revet la 
forme arrondie et qu'il se maintient sur cette surflnce au dela du 
rayon de sa sphere d'actiyite physique et chimique; alors il 
reflechit le calorique rayonnant, et ses molecules sont, quant a la 
chaleur, dans un etat d'equilibre stable, c'est-a-dire, a une tem- 
perature invariable, ou qui ne varie que dans des Itmites etroites." 
— Comptes Rendus, 6 Mars, 1848. 

(J^) p. 89. — Some facta relative to the Spheroidal state of Bodies, Fire 
Ordeal, Incombustible Man, Sgc. : by P. H. Boutigny (d'Evreux), Phil- 
osophical Magazine, No. 233 (third series), p. 80. Comptes Rendus, 
May 14, 1840. 

(®) p. 90. — The theory of freezing mixtures is deduced from the 
doctrine of latent caloric. These are mixtures of saline substances 
which, at the common temperature, by their mutual chemical action, 
pass rapidly into the fluid form, or are capable of being rapidly 
dissolved in water, and, by this qnick transition to fluidity, absorb 
caloric, and produce degrees of cold more or less intense. — Bey. 
Francis Lunn, On Heat : Encyclopaedia Metropolitana. 
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(«^) p. 90.'^PrspHiti de VAxiis Gtarb<mi^u$ Uqmd$ : ^Mff M. Thi-^ 
lorier: Anaales de Cliimie» toI. be. p. 427. SoUdi^cation de FAmde 
Carbonique : Ibid. p. 432. 

(®) p. 91* — On the lAquefaeHon and SoUdiJUsation of Bodies ffentraUff 
existing aa Qaeea: by Michael Faraday, D. C. L.» F. B. S., &o. ; Philo- 
sophical Transactioiifl, vol. oxzxyi. p. 155. 

(^) p. 92, — Bunifl, in one of his inost natnxal and moat pathetic 
letters. 

{") P» ^5« — " These — oxygen, hydrogen, nitrogen, and carbon — . 
are the four bodies, in fiict, which, becoming animated at the fire of 
the sun, the true torch of Fromethens, approve themselyes upon the 
earth the eternal agents of organization, of sensation, of motion, and 
of thought." — Dumas, Lefona de Philoeopkie CMmiquet p. 100, Paris, 
1837. 

(^) p. 94. — It will be found in examining any of the works of the 
alchemists, — particularly those of Geber, De itweniendi arte Auri et 
ArgewHf and his De Akhemid ; Roger Bacon's Optu Mq^, or Alehymia 
Major; Helvetius' Brief of the Golden Calf; or Basil Valentine's Ctir- 
rtu THumphaliet — that in the processes of transmutation, the solar 
light was supposed to be manrellously effectiye. In Boyle's Sk^)tieal 
Chemist^ the same idea will be found pervading it. 

Amid all their errors, the alchemists were assiduous workmen, and 
to them we are indebted for numerous facts. Of them, and of their 
age, however, as contrasted with our own, Gibbon remarks : " Con. 
genial to the avarice of the human heart, it was studied in China, aa 
in Europe, with equal eagerness and equal success. The darkness 
of the Middle Ages insured a favourable reception to every tale of 
wonder ; and the revival of learning gave new vigor 4;o hope, and 
suggested more specious arts of deception. Philosophy, with the aid 
of experience, has at length banished the study of alchemy ; and 
the present age, however desirous of riches, is content to seek them 
by the humbler means of commerce and industry." — Decline and Fall, 
vol. ii. p. 137. 

(88) p. 95. — On the two theories the following may be consulted : 
— Young, Supplement to Emn/ctopadia Britannica, article Chromatics; 
Fresnel, Supplement & la Traduction Franpaise de la 6iime edition du 
Traite de Chimie de Thomson, par Riffault, Paris, 1822 ; Herschel's 
article. Light, in the Encyclopaedia Metropolitana, and the French 
translation of it by Quetelet and Yerhulst ; Airy's Tract on the Undu- 
latory Theory, in his Tracts, 2nd edition, Cambridge, 1831 ; Powell, 
The Undulatory Theory applied to Dispersion, &c., p. 184; Lloyd's 
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Ledmn»t Dublin, 1836-41; Cauchy, Syr le Mmioemeni de$ Corpt 
ikutiq^iet, M^moires de I'lnstitat, 1827, toL ix. p. 114 ; T^earie de la 
Lumiire, Ibid., Tol. x. p. 293 ; M'Cullagh, On Double Refraction, Ibid., 
ToL xri ; Geometrical Propoeitiom applied to the Wave Theory of Lighi, 
Ibid^ ToL XTiL ; Sir David Brewster's papers in the Transactions of 
the Boyal Society of Bdinburgh, and the Philosophical Magazine. 

C) p. 06. — BseulU of Aetronomioal Obeervatione made during the 
years 1834 - 38, a< ^ Cape of Good Hope, S^c. By Sir John Herschel, 
Bart, K.H., D.C.L., F.R.S. — « In the contemplation of the infinite, 
in number and in magnitude, the mind eyer fedls ns. We stand 
appalled before this mighty spectre of boundless space, and faltering 
reason sinks under the load of its bursting conceptions. But, placed 
as we are on the great locomotiye of our system, destined surely to 
complete at least one round of its ethereal course, and learning that 
we can make no apparent adyance on our sidereal journey, we pant 
with new ardour for that distant bourne which we constantly ap- 
proach without the possibility of reaching it. In feeling this disap- 
pointment and patiently bearing it, let us^ endeavour to realize the 
great truth from which it flows. It cannot occupy our mind with- 
. out exalting and improving it." — North British E«view. 

(^) p. 98. — For examples of this, consult Graham's Elements of 
Chemistry; Brande's Manual of Chemistry; or, indeed, any work 
treating of the science. 7?he formation of ink, by mixing two colour- 
less solutions, one of gallic acid and another of sulphate of iron, may 
be taken as a familiar instance. 

(^) p. 98. — Sir John Herschel, in his paper On the Chemical 
Action of the Rays of the Solar Spectrum on preparations of Silver , re- 
marks, that " it may seem too hazardous to look for the cause of this 
very singular phenomenon in a real difference between the chemical 
agencies of those rays which issue from the central portion of tbe 
sun's disc, and those which, emanating from its borders, have under- 
gone the absorptive action of a much greater depth of its atmosphere ; 
and yet I confess myself somewhat at a loss what other cause to 
assign for it. It must suffice, however, to have thrown out the hint ; 
remarking only, that I have other, and, I am disposed to think, deci- 
sive evidence (which will find its place elsewhere) of the existence 
of an absorptive solar atmosphere, extending beyond the luminous 
one. The breadth of the border, I should observe, is small, not 
exceeding 0.5 or \ part of the sun's radius, and this, from the circum- 
stances of the experiment, must necessarily err in excess." — Philo- 
sophical Transactions, 1840. 
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(^ p. 99. — Experiments and Observations on some Cases of Lines in 
the Prismatic Spectrum, produced by the passage of Light through Coloured 
Vapours and Gases, and from certain Coloured Flames : by W. A. MU- 
lar, M.D., F.R.S., Professor of Chemistry in King's College, London. 
— Philosophical Magazine, yol. xxvii. 

(^) p. 99. — Report on the MoUusca and Radiata of the JEgean Sea^ 
and on their distribution, considered as bearing on Geology, By Edward 
Forbes, r.R.S., &c. — Reports of the British Association, vol. xii. 
Professor Forbes remarks : <* A comparison of the testacea, and 
other animals of the lowest zones, with those of the higher, exhibits 
a very great distinction in the hues of the species, those of the depths 
being, for the most part, white or colourless, while those of the high- 
er regions, in a great number of instances, exhibit brilliant combina- 
tions of colour. The results of an inquiry into this subject are as 
follows : — 

" The majority of shells of the lowest zone are white or transparent ; 
if tinted rose is the hue, a yery few exhibit markings of another col- 
our. In the seyenth region, white species are also yery abundant, 
though by no means forming a proportion so great as the eighth. 
Brownish red, the preyalent hue of the brachiopoda, also gives a 
character of colour to the fauna of this zone ; the Crustacea found in 
it are red. In the sixth zone the colours become brighter, reds and 
yellows preyailing, — generally, howeyer, uniformly colouring the 
shell. In the fifth region many species are banded or clouded with 
yarious combinations of colours, and the number of white species 
has greatly diminished. In the fourth, purple hues are frequent, 
and contrasts of colour common. In the second and third, green and 
blue tints are met with, sometimes yery yiyid ; bat the gayest combi- 
nations of colour are seen in the littoral zone, as well as the most 
brilliant whites. 

« The animals of Testacea, and the Radiata of the higher zones, 
are much more brilliantly coloured than those of the lower, where 
they are usually white, whateyer the hue of the shell may be. Thus 
the genus TrochMs is an example of a group of forms mostly present- 
ing the most brilliant hues both of shell and animal ; but whilst the 
animalfl of such species as inhabit the littoral zone are gaily chequer- 
ed with many yiyid hues, those of the greater depth, though their 
shells are almost as brightly covered as the coverings of their allies 
nearer the surface, have their animals, for the most part, of a uniform 
yellow or reddish hue, or else entirely white. The chief cause of 
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this inerttM of intensity of colour as we ascend, is, donbtless, the 
increased amotint of light above a certain depth." — p. 172. 

(W) p. 100. — *u4fi^(para. On the EpipoUe Diapenion of Light, being 
a paper entitled, On a ease of Superficial Colour presented hy a homogen- 
eout liquid internally eohurlesa. By Sir J. F. W. Herschel, Bart., K. 
H., F.R.S., &c. — An ^polarized beam of Ught, (meaning thereby a 
beam which has once been transmitted through a quiniferons solution, 
and undergone its dispersing action,) m incapable of further undergoing 
epipoUe diapereion. In proof of this the following experiment may be 
adduced* 

£zp. A glass jar being filled with a quiniferoxis solution, a piece 
of plate glass was immersed in it yertically, so as to be entirely coy- 
ered, and to present one face directly to the incident light. In this 
situation, when viewed by an eye almost perpendicularly oyer it, so 
as to graze either surface very obliquely, neither the anterior nor 
posterior face showed the slightest trace of epipolic colour. Now, 
the light, at its egress from the immersed glass, entered the liquid 
under precisely the same circumstances as that which, when travers- 
ing the anterior surface of the glass jar, underwent epipolic disper- 
sion on first entering the liquid. It had,>therefore, lost a property 
which it originally possessed, and could not, therefore, be considered 
gualitatively the same light. — Philosophical Transactions, voL cxxxvi. 

(®) p. 101. — In connection with this view, the Newtonian theory 
should be consulted, for which see — A Letter ofMx* Isaac Newton, 
ProfeMor of the Mathematicka in the Univeraity of Cambridge ; contain- 
ing hia new Theory about Light and Cohura ; sent by the Author tq the 
Pubtiaherfrom Cambridge, Feb,' 6, 1671 - 72, t» order to be communioated 
to the R. Society, 

(M) p. 102. — In that admirable work. The Phyaieal Atlaa of Dr. 
Berghaus, of which a very complete edition by Alejuinder Keith 
Johnstone is pubUshed in this country, the following order of the 
distribution of plants is given : — > 

'•'^^«'!'r^riS EquatorWzane. 
• Tropical zone. 



2. Tree-ferns and figs 

3. Myrtles and laurels 

4. Evergreen trees . 

5. European trees . 

6. Pines .... 
7* Rhododendrons . 
8. Alpine plants 



Sub-tropical zone. 
Warm temperate zone. 
Cold temperate zone. 
Sub-arctic zone. 
Arctic zone. 
Polar zone. 
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Consult Humholdt, Euaiwrla Gtogrttpkie dei Pianist, Paris, 1807 ; 
Ve Distributione Geographicd Plantarum, Paris, 1817. Schouw, Grund' 
xuffe der PJlamengeographie, Lamouroux, GeograpkU Physique* The 
Plant, a Biography : by Scbleiden ; tcansUted by Keiifirey. PA^ncal 
Geography : by Mrs. Somerrille. 

(**) p. 103. — Prauenhofier's measures^ent of illujniiiating power 
is as follows : — 

At the 22ad degree of the red 0.032 

*^ d4th degree of the red 0.094 

^ 22nd degree of the orange 0.640 

** 10th degree of the yellow 1.000 

** 42nd degree of the yellow 0.480 

^ 2nd degree of the blue 0.170 

" 16th degree of the indigo 0.031 

<« 43rd degree of the violet 0.0066 

(W) p. 103, — Herschel, On the Action of Crystallized Bodies on Ho- 
mogeneous Light, and on the causes of the deviation from Newton's soah 
in the tints which many of them develops on exposure to a polarized ray. — ■ 
Phil. Trans., yoL ex. p. 88. 

(»0 P- 105. — On the Nature of Light and Colours : Lecture 39, in 
Young's Lectures on Natural Philosophy, Holland's Edition, p. 373, and 
the authorities there quoted. 

(W) p. 106. — Brewster's Opties : Lardner's Cabinet Cyclopaedia. 
Herschel, On Light; Encyclopaedia Metropolitana. 

(») p. 107. — Mains, Sur une Proprieti de la LumiBre ReJUchie: 
Memoires d'Arcucil. Numerous memoirs by Sir Dayid Brewster, 
in the Philosophical Transactions. 

(?<») p. 108. — Bartholin, On Iceland Crystals: Copenhagen, 1669. 
j$n Accamptof sundry Experiments made and communicated by thai 
Leam'd Mathematician Dr. Erasmus Bartholin, upon a Chrystdl'Uke 
Body sent to him out of Island: in connection with which Dr. Matthi- 
as Paissenius writes : The observations of the excellent Bartholin 
upon the Island Chrystal are, indeed, considerable, as well as pain- 
ful. We have here, also, made some tryak of it upon a piece he 
presented me with, which confirm his observations. Mean time we 
found it somewhat sdssile and reducible by a knife into thin laminas 
or plates, which, when single, shew'd the object single, but laid upon 
one another shew'd it double ; the two images appearing the more 
distant from one another, the greater the number was of those thin 
plates laid on one another. With submission to b^ter judgements I 
31 
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think it to be a kind of Selenites. Some of our cnrioiu men here 
were of opinion that the Khomboid figure proper to this stone was 
the cause of the appearances doubled thereby. But having tryed 
whether in other transparent bodies of the like figure the like would 
happen, we found no such thing in thein, which made us suspect 
Bome peculiarity in the very Body of this Stone. — Phil. Tians. for 
1670, vol. V. 

(i<^) p. 108. — On the AppUcatUm of the Laws of Circular Polarization 
to the Reaearchea of Chemistry : by M. Biot. — Nouvelles Annales du 
Museum d'Histoire Naturelle, vol. iii., and Scientific Memoirs, vol. L 
p. 600. On Circular Polarization : by Dr. Leeson. — Memoirs of the 
Chemical Society. 

(iw) p. 109. — In Sir David Brewster's Treatise On Optics, chap, 
zviii., On Polarization, the best arrangements for a polarizing appara^ 
tus will be found described. 

{^^) p. 109. — A beautiful application of this fact has recently been 
made by Professor Wheatstone, in the formation of an instrument for 
determining solar time by the polarization of the northern sky. On 
a means of determining the apparent Solar Time by the diumai changes of 
the Plane of Polarization at the North Pole of the Sky: Beport of the 
Eighteenth Meeting of the British Association. ^ 

(iM) p. 109.— 0» the Polarization of the Chemical Rays of Light : by 
John Sutherland, M.D., in which the author refers to the following 
experiment of M. J. E. Berard; "I received the chemical raya 
directed into the plane of the meridian on an unsilvered glass, under 
an incidence of 35** 6'. The rays reflected by the first glass were 
received upon a second, under the same incidence. I found that 
when this was turned towards the south, the muriate of silver 
exposed to the invisible rays which it reflected was darkened in less 
than half an hour ; whereas, when it was turned towards the west, 
the muriate of silver exposed in the place where the rays ought to 
have been reflected, was not darkened, although it was left exposed 
for two hours. It is consequently to be presumed that the chemical 
rays can undergo double refraction in traversing certain du^hanouB 
bodies ; and lastly, we may say that they enjoy the same physical 
properties as light in general." «^ Philosophical Magazine, vol xx. 

Dr. Leeson has stated that Daguerreotype pictures can be taken 
more readily under the influence of polariz.ed light, than by ordinary- 
radiation. 

(i<») p. 110. — On the Magnetization of Light, and the Illumination of 
Magnetie Lines of Force.' by Michael Earaday^ D.CJj^ E.ILS. — 
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Philosopliical Transactions, rol. cxxxviL — - The following remarks 
are to the point of doubt referred to in the text : ** The magnetio 
fofces do not act on the ray of light directly and without the inter* 
Tention of matter, but through the mediation of the substance in 
which they and the ray have a simultaneous existence ; the sub- 
stances and the forces giving to and receiving from each other the 
power of acting on the light. This is shown by the non-action of a 
vacuum, of air or gases, and it is also further shown by the special 
degree in which different matters possess the property. That mag- 
netic force acts upon the ray of light al'^ays with the same character 
of manner, and in the same direction, independent of the different 
varieties of substance, or their states of solid or liquid or their 
specific rotative force, shows that the magnetic force and the light 
have a direct relation ; but that substances are necessary, and that 
Chese act in different degrees, shows that the magnetism and the 
light act on each other through the intervention of the matter. 
Recognizing or perceiving matter only by its powers, and knowing 
nothing of any imaginary nucleus abstract from the idea of these 
powers, the phenomena described must strengthen my inclination to 
trust in the views I have advanced in reference to its nature." — 
PhQ. Mag. voL xxiv. 

(^) p. 111. — The invention of the camera obscura certainly 
belongs to Giambattista Porta, and is described in his Mctgia 
NaturcUiSf five de Miracidia Rerum NaturaUumf Libri Viginti; Ant- 
werp, 1561. An English translation made in 1658 exists, but I have 
not seen it. 

Hooke, in one of the earliest volumes of the Philosophical Trans- 
actions, describes, as new, many of the phenomena mentioned by 
Porta, and particularly the images of the dark chamber. 

C^ p. 112. — Herschel, On Light. — Encyclopaedia Metropolitana. 

(^) P* ^^^- — '* I would here observe that a consideration of many 
■uch phenomena (the obliteration and revival of photographic draw- 
ings) has led me to regard it as not impossible that the retin^ itself 
may he photographically impressed by strong light, and that some at 
least of the phenomena of visual spectra and secondary colours may 
arise firom the sensorial perception of actual changes in progress in 
the physical state of that organ itself subsequent to the cessation of 
the direct stimulant." — On the Action of the Rayt of the Solar Spec- 
trum on Vegetable Colours, S^c, : by Sir J. P. W. Herschel, Bart. 

(i») p. 116. — DumeriL 

Q^) p. 119.— 2^&eofy of Cokmra : by Ooetha; traaalated by 
Eastlake. 
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(^ p. 120. — See Tnekey^s Narratire of ike ExpeditiOiQ of the 
Zaire. 

(}^ p. 120. — The moet coaq>Iete examinstioii of ibis subject will 
he found in two Memoirs : — 

1. Experiments and obtervations on the UffM which is ^xmtaneousfy 
emitted with some degree cf permanency frxam various bodies, — PhiL 
Tirana^ irdl. xc. 

2. A continuatwn of the dbove, with some experimenfei and obeeroations 
en solar light, when imbibed by Canton* s phosphorus : by Nathani^ 
Hulm^ M.D. — Phil. TranBb, yoL x(^ } and in thelMonograph of the 
British Naked-eyed Medusm, by ProfesscNr Edward Forbes, (published 
for the Ray Society.) See Wilson'a note to the account of Pennaiata 
phosphoreo m Johnston^s Zoophytes^ 2nd edition. 

(113) p. 120. — A general Outline of the Animal Kingdom: by 
Thomaa Bymer Jones, F.L.S. — Acalephte, p* 64, Lettre a M» 
Dumas sur la Phosphorescence dee Vers ktisants : par M. Ch. Matte- 
vcci. — Annales de Chinne^yol. is. p. 71 ». 1843» 

("^) p. 12a — Phosphorescence of the Diamond : by M. Keisa(Heyue 
Seientifique et InduBtrielle^ yol. xxiiL p^ 185). — *^The dianumd^ 
phosphorescent by insulation,, loet rapidSy i£s> phosphorescence when 
suibinitted ta the action of the red rays of the solar spectrum. Ou 
the contrary, the blue rays- are those which render the disonond the 
most luminouB in the dark* It is probable that the phosphorescence 
produced by heat is equally dimimshed by the action of ihe red 
rays of the solar spectrum." Gioyanni Battista Beccada published 
his experiments loi 1769. — See Priestley'S' fiM^oty (f Etectrieity ; and 
On the Effects of Electricity upon Minerals which are Pho^horescent bsf 
Beat; and FurtJier Experiments on the communication of Phosphorescence 
and Colour to bodies of Electricity : by Thomas J. PearsalL — Journal 
of the Boyal Institution of Great Britain^ Oct. ia30>, Feb^ 1831. — 
These two memoirs contain the most complete set of cxpeximeuts on 
this subject which have yet been made; see Placidus Beinrieh^ 
Phosphorescerkz der K'drper, vol. iv. ; Gmelia's Handbtsch der Chemi» 
part 1 ; — On the Phosphoreecence of Minercds, Brewster. Edinburgh 
Philosophical Journal, vol. i. p. 13T ; — The Aerial NoctUucay or some 
Ifew Phenomena, and a process cf a factitious s^fshiningt substance^ 
Boyle's Works, vol. iv. 

Q^ p. 121. — Des Ejfets produifs sur lee corps par lee Bctyone Soku^ 
•res: par M. Edmond Becquerel. — Annales de Chimie, voL ix. p. 
257. 1843. 

M. Becquerel has applied the texxxkpho^horoginique to those raya 
pioducing phosphorescence* 
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("•) p. 127. — See Bsaearehea onlAght^ by the Author.— Beference 
to any of the works of the alchemists will prove the preyalence of 
the idea expressed in the text. We find that gold was considered 
to be always under the influence of light and solar heat. — <* It is 
said of gold that it waxeth cold towards daylight, insomuch that 
they who wear rings of it may perceive when the day is ready 
to dawn." — Speculum Mundi^ or a Gkut repreaentinff the /ace of the 
World. Cambridge, 1643. 

("0 p. 128. — Daguerre's Beport to the Academy of Sciences: 
Le Daguerreoiype Eutorique, et deecription dee proeedee du Daguerriotype 
ei du Diorama (Paris, 1839) ; particularly the description of Heliogrch' 
P^Vi by AC. Niepce ; see also the letters by Niepce, published for the 
first time in Reeearehee on Light. 

(P^ p. 131. — "If a solution of peroxalate of iron be kept in a 
dark place, or if it be exposed to 212<> of Fahr. for several hours, it 
does not undergo any sensible change in its physical jMroperties, nor 
does it exhibit any phenomenon which may be considered as the 
result of any elementary action. 

" If, however, it be exposed to the iofluence of solar light on a 
glass vessel provided with a tube, the concentrated solution of oxa- 
late of iron soon presents a very interesting phenomenon : in a short 
time the solution receiving the solar rays, developes an infinite, 
number of bubbles of gas, which rise in the liquor with increasing 
rapidity, and give the solution the appearance of a syrup undergoing 
strong fermentationi This ebullition always becomes stronger, and 
almost tumultuous, when an unpolished glass tube is immersed ia it 
with a small piece of wood ; the liquid itself is afterwards thrown 
into ascendiag and descending currents, becomes gradually yellow- 
ish, turbid, and eventually precipitates protoxalate of iron, in the 
form of small brilliant crystals of a lemon- yellow colour, gas con- 
tinuing to evolve.*' Chemical action of Hght, and formation of Hum' 
Mdtine by it: PhiL Mag. 1832, second series. — ** When a solution of 
platinum in nitro-muriatic acid, in which the excess of acid has been 
neutralized by the addition of lime, and which has been well cleared 
by filtration, is mixed with lime-water, in the dark no precipitatioxL 
to any considerable extent takes place for a long while, — indeed, 
none whatever, though after very long standing a slight flocky 
sediment is formed, after which, the action is arrested entirely. 
But if the mixture, either freshly made or when cleared by subsi- 
dence of this sediment, is exposed to sunshine, it instantly becomes 
milky, and a copious formation of a white precipitate (or a pale yellow 
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one, if the platmie solnlion he in exeees) takM place, wbidi snfeideB 
quickly and is easily collected. The stme takes place more slowfy 
in cloudy daylight." — On the motion of Uffht in determinmg the preei' 
pUcUion of MurieUe of Plaiinum by Lime-water; beiag an extract from 
Sir John 6. W. Herschel, K.H., F.R^., ftc^ to Dr. Banbeny.— 
Phil. Hag. 1832, 

(11*) p. 132. — On a diange pm^kiced fly Expoeun to itie Beam* of th€ 
Sun, in the properties of an elementary ettbtiance, by Professor Draper ; 
Oto the changes which bodiee undergo in the dafk^ by Robert Huat : Re^ 
port of the thirteenth meeting of the Bfitieb AssociatioD, t<^ ziL— « 
Ihecription of the Tithonometer, an itutrument for meaevriny the ehead^ 
eai foroe of the Indigo-tithonic raye : by J. W. Draper, M. D. ^ Philo- 
sophical Magazine, Dec. 1843, yoL xxiiL 

(1^ p. 133. — Por serersl iHlvstnrtions of this remarkable phe- 
nomenon, see On the Action of the Rays of the Solar Spectrum on Vege* 
table Colour^y and on aome new Photographic Proe eee e§ : by Sir John F« 
W. Herschd, Bart., K.H., FJi.S.— Phii. Trans. June, 1842, vol* 
cxxziii. ; On certain improvemente on Photographic Proceeeee described tf^ 
a former communication^ and on the PanUhermic Maye of the Soiar Spec" 
trum: by Sir John F. W. HersebeU Bart., K-H.^ P.R^.r &Cn m • 
letter addressed to S. Hunter Christie. — PhiL Traitsv 1843, toL 
exxxiy. 

(^1) p. 133. — Sir J. F. W. Herschel ; see olsor Jieeean^ee on LigAe, 
by the Author. 

(122) p. 134, — Attention has been directed to the protecting aetxoxi 
of certain rays of the spectrum by Sir John Herschel and others. See 
the Eighteenth Report of the British Association for an experiment 
by the Author, in which it was proved that all the light rays pro- 
tected photographic papers from chemical change, and, therefore^ 
conyincingly show that light and actinism were not similar powers, 

(UB) p. 135. — '* Haring noticed, one densely foggy day, that tKe 
disc of the sun was of a deep red colour, I directed my apparatus 
towards it. After ten seconds of exposure, I put the prepared plate 
in the mercury box, and I obtained a rotmd image perfectly black ; -^ 
the sun had produced no photogenic effect. In another experiment, 
I left the plate operating for twenty minutes ; — the sun had passed 
oyer a certain space of the plate, and there resulted an image seven 
or eight times the sun*s diameter in length ; it was black through- 
out, so that it was evident, wherever the red disc of the sim had 
passed, not only was there a want of photogenic action, but the red 
rays had destroyed the effect produced previous to the sun's passage. 
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I ivpeffted tkeseexperimeiitB during itereMil dayffsoocessiYelyy optatX* 
ing with a sun of different tints of red and yellow. These different 
tints produced nearly the aame efliect ; whelreyer the san had passed^ 
there existed a black band." ^-Mr. Clandet, On different properHes of 
Solar Hadidtion, modijied by coloured glass mediof S^^ ; PhM. Trans. 1847^ 
Part 2. 

(iM) p. 136. -— **It may also be observed that the rays effeetire ia 
destroying a giyen tint are^ in a great many oases, those Whose union 
produces a colour complementary to the tint destroyed^ or at least 
one belonging to that class of coloxurs to which such complementary 
tint may be referred. Par example, yellows tending towards orange 
are destroyed with more energy by the blue rays ; blue by the redy 
orange, and yellow rays ; purples and pinks by yellow and green 
rays." — Sir J. P. W. Herschel, On the action of the rays of the ISolar 
Bpeetrum on Vegetable Colours ; Phil. Trans., yol. cxxxiii. 1842. 

(^) p. 196. -^ The following memoirs and works arc necessary to s 
complete history of the inquiry : Experiments and observations relat' 
ing to various branches of nattered philosophy ^ toith a continuation of the 
observations on air ; by Dr. Priestley, London, 1779. Memoires Physico- 
chimiques, 8^c, : by J. Senebier. Experiences svr les vegitaux, by De la 
Ville : Paris, 1782 ; and Phil. Trans. 1782. Observations sur les expe- 
riences de M. Ingenhousz : by De la Yille ; Ros. obs. 23, 290. Experi- 
enees propres d developper les effets de la himiere sur certaines plantes : by 
Tessier ; Mem. deVAc. des Sc. de Paris^ 1783, p. 132 ; Licht. Mag. iv* 
4, 146. Sur la vertu de Veau impregnie d'air fixe pour en obtenir, par le 
moyen des plantes eidela lumitre du soleUt de Voir depMogistique : by In- 
genhousz ; Roz. obs. 24, 837. Experiences sw Faction de la lumiere 
solaire dans la vegetation ; by Senebier ; Geneve et Paris, 1788, p. 61. 
ExtraU des experiences de M. Senebier sur Faction de la lumiere solaire 
dans la vegetation : by Hasenfratz ; Ann. Chim. iu. 2nd ser. 266. Ex-- 
piriences relatives d Vinfluence de la lumiere sur quelgues vegetaux ; by 
De CandoUe ; Jour, de Ph. lii. 124 ; Yoigt's Mag. ii. 483 ; Gilb. 
Ann. xiii. 372 ; M^m. des Say. £tr. i. 329. Recfierches chimiques sur 
la vegetation: by Saussure ; Ann« Chim. 1. 225 ; Jour, de Ph. Ivii. p« 
393 ; Glib. Ann. xviiL 208. Recherches sur la respiration des plantes 
0xposees a la lumiire du soleil; by Kuhland; Ann. Ch. Ph. iii. 411 ; 
Jour* de Ph. 1816, On the action of light upon plants, and of plants 
upon the atmosphere : by Dr. Daubeny ; PhiL Traiis. cxxyii. January, 
1836. On the action of yeUow light in producing the green colour f and of 
indigo light on the movements of plants ; by P. Gardner ; Phil. Mag. 
xxiv. ; Bibl. Univ. xlix. p. 376, and lii. p. 381. On the influence of 
ii^ht on plants : by R. Hunt; Phil. Mag. xxiv. p. 96 ; Bibl. XJniv. 
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zliz. p. 883 ; Athen. 1844. Kote m the deeompo9iiUm of eafhonk 
add by the leaves of pkuUa, under the influence of yellow Ught: by Brae 
per ; Phil. Mag. xxv. p. 169. On the actio»of the yellotc raye of Ught on 
vegetation : by Harimess ; PhiL Mag. zxy. p. 339. Influence dee rayone 
eobdree sur la vegetation : by Zantedeschi ; InBt. No. 541, p. 157. 

C) P* 13^* — S^ John Herschers Memoirs, already referred to ; 
end Reports on the influence of the Solar Rays on the growth of Plants, 
by Robert Hunt : Ilex>ort of the British Association for the Advance- 
ment of Science, for 1847. 

(M') p. 187. — Memoir on the Constitution of the Solar Sjpeetrum, pre- 
sented at the meeting of the Academy of Sciences, 1842, by M. 
Edmond Becquerel ; Des effets produits sur les corps par les rayone 
solaireSf par M. Edmond Becquerel, aide au Museum d'Hlstoire Na- 
turelle : Memoire presente a I'Academie des Sciences, le 23 Octobre, 
1843. — ** Dans le courant de ce memoire, j'ai employe les noms de 
ray ns lumineux, chimiques, et phosphorogeniques, pour designer, 
dans chaque cas, la portion des rayons solaires qui agit pour produire» 
en particuUer, les effets lumineux, chimiques, et phosphorogeniques; 
maiB cela est sans prejudice de Topinion que je viens d'emettre 
touchant Texistence d'un seul et meme rayonnement." 

** My reply is this," says M. Arago, in his paper entitled Considera* 
tions relative to the action of Light : ** it is by no means proved that 
the photogenic modifications of sensitive substances result firom the 
action of solar light itself. The modifications are, perhaps, engen- 
dered by invisible radiations mixed with light properly so called, 
proceeding -with it, and being similarly refracted. In this case, the 
experiment would prove not only that the spectrum formed by these 
invisible rays is not continuous, that there are solutions of continuity 
as in the visible spectrum, but also that in the two superposed spec- 
tra these solutions correspond exactly. This would be one of the 
most curious, one of the most strange results of physics." — Taylor's 
Scientific Memoirs. 

(128) p. 138. — The chemical evidence of this will be found in Sir 
John Herschers Memoir On the Solar ^jectrum, and particularly as 
exemplified in the changes produced on the tartrate of silver. Simi- 
lar influences are described as observed on a Daguerreotype plate, 
in a paper entitled Experiments and Observations on Light which hat 
permeated coloured media, and on the Chemical Action of the Solar S^9ee^ 
trum : by Bx>bert Hunt. — Philosophical Magazine, vol. xxvi. 1840. 

(128) p. 139. — This peculiar continuance of an effect has frequent- 
ly been observed in many of the photographic processes. In a note 
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to a memoir On certain improvements in Photoffraphie proeessee, Sir John 
HerBchel thus refers to this property : " The excitement is produced 
on BUch paper by the ordinary moisture of the atmosphere, and 
goes on slowly working its effect in the dark, apparently without 
othnr limit than is afforded by the supply of ingredients present. In 
the case of silver it ultimately produces a perfect eihering of all the 
tunned portions. Very singular and beautiful photographs, having 
much resemblance to Daguerreotype pictures, are thus produced ; 
the negativiB character changing by keeping, and by quite insensible 
gradaticms to positive, and the shades exhibiting a moat smgular 
chatoyant change of colour from ruddy-brown to black, when held 
more or less obliquely. No doubt, also, gold pictures with the me- 
tallic lustre might be obtained by the same process, though I have 
not tried the experiment.'' 

(180) p. 140. — The details of this curious subject may be studied 
in the following memoir and communications : On meion and the 
action of light on aU bodies : by Professor Ludwig Moser, of Konigs- 
berg ; from Poggendorff's Annalen, vol. Ivi. p. 177* No. 6, 1845. 
Some remarks on Invisible Light : by Professor Ludwig Moser, of 
Eonigsberg ; from PoggendorfTs Annalen, vol. Ivi. p. 569, No. 8. 
On the power which light possesses of becoming latent : by Professor Lud-- 
wig Moser, of Eonigsberg ; from Poggendorffs Annalen, vol. lviL» 
No. 9, p. 1, 1842. On certain spectral appearances, and on the discovery 
of latent Ught : by J. W. Draper, M.D., Professor of Chemistry in the 
University of New York ; PhiL Mag. p. 348, Nov. 1842. On a new 
imponderable substance, and on a class of chemical rays analogous to the 
rays of dark heat : by Professor Draper ; Phil. Mag., Dec. 1842. On 
the action of the rays of the solar spectrum on the Daguerreotype plate : 
by Sir. J. F. W. Herschel, Bart. ; PhiL Mag., Feb. 1843. See remarks 
in this paper on the use which Moser has made of coloured glasses ; 
also a communication, by Professor Draper, On the rapid Detithoniz^ 
ing power of certain geues and vapours^ tmd on em instantaneoue mean* 
of producing spectral appearances : Phil. Mag., March, 1843; and On 
the causes which concur in the production of the images of Moser : 
Comptes Rendus, Nov. 1842, See Scientific Memoirs, vol. iii. 

(i«) p. 140. — TMs fact was first observed by myself, and 
described in the paper already referred to» Philosophical Magazine^ 
vol. xxii. p. 270. It does not, however, appear to hav« attracted 
the attention of any other observer. 

(*•*) p. 141. — On Thermography, or the Art of copying Engrainngs 
or any printed characters from paper or plates of metal, and on the recent 
discovery of Moser, relative to the formation of images in the dark, by 
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Bobcft Hunt : EeporU of the RoTtl GomwaU Polytedmic BoaStf 
for 1842, and Philoaophical Magiurine, toL xzL p. 462. — 0» ths 
SptetnU vmagm of U. Mqut^ by Bobert Hunt : Philosophical Maga- 
sine, ToL Txiii. p. 416, 

(1**) p. 141. — CaApJb^ fore$^ cr oUraeHon of wmfaee ooneemod in 
tk» diffutive power of gatet : an oeeuU tn&rgy or power in mUurated BoUne 
eokaUma: Prater. — Mechanic's Magazine, yol. zlv. p. 106. Ud>er 
Mdrieehe AbMhmffen: by G. Karsten. — PoggendorfTs AnTialen, 
ToL IviL p. 402. — MeUoni and Brewster may be consulted for much 
that is nuMt remarkable connected with radiation from coloured 
surfaces. 

(I'*) p. 142. — Cornelius Agrippa is said to haye iKMsessed such a 
adrzor. The Chinese make mirrors which, when placed in a partic- 
ular light, show upon their polished faces the pattern on the 
back of the metal, although it is invisible in every other position. 
This is eflfected by giving different degrees of harrlnefls to the various 
parts of the metaL In NaiurtU Magic, by Sir David Brewster, several 
curious experiments belonging to this class are named. 

("») p. 146. — Tram de Physique : M. Biot, voL viL Beoquerel : 
Annales de Chimie, vol. xlvi. — zHx. Faraday's Experimental 
Betearehea in ElectricUy, 2 vols., 1830-1844. A Speculation touching 
EUotrie Conduction and the Nature of Matter : by Michael Faraday, 
B. C. L., F. R. S. ; Philosophical Magazine, voL xxiv., 1836. Olffee- 
tions to the theories severally of Franklin, Dufay, and Ampere, with an 
attempt to explain Electrical Phenomena by statical or undulaiory polar- 
izatUm ; by Robert Hare, M. D., Emeritus Professor of Ch^nistry in 
the University of Pennsylvania. 

(^ p. 148. — "A good piece of gutta percha will insulate aa 
weU as an equal piece of sheU-lac, whether it be in the form of 
sheet, or rod, or filament ; but being tough and flexible when cold, 
as weU as soft when hot, it will serve better than shell-lac in many 
oases where the bzlttleness of the latter is an inconvenience. Thus it 
makes very good handles for carriers of electricity in experiments on 
induction ; not being liable to fracture in the form of thin band or 
string, it makes an excellent insulating suspender ; a piece of it in 
sheet makes a most convenient insulating basis for Anything placed 
on it. It forms excellent insulating plugs for the stems of gold-leaf 
electrometers, when they pass through sheltering tubes, and larger 
plugs form good insulating feet for electrical arrangements ; cylinders 
of it, half an inch or more in diameter, have great stiffiiess, and 
form excellent insulating pillars. In these and in other ways, its 
power as an insulator may be useful." — On the use of Gutta Percha in 
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Slectrieal Iruuhtion: by Dr. Faraday; Philosophical Magazine, 
March, 1848. 

The following deductions have been given by Faraday, in his 
Beaearches in Electricity , a work of most extraordinary merit, being 
one of the most perfect examples of fine inductive philosophy which 
we possess in the EngHsh language : — 

'* All bodies conduct electricity in the same manner from metals to 
lacs and gases, but in very different degrees. 

*' Conducting power is in some bodies powerfully increased by heat, 
and in others diminished, yet without one perceiving any accompany- 
ing essential electrical difference, either in the bodies, or in the 
change occasioned by the electricity conducted. 

'< A numerous class of bodies insulating electricity of low inten- 
sity, when solid, conduct it very freely when fluid, and are then 
decomposed by it. 

<« But there are many fluid bodies which do not sensibly conduct 
electricity of this low intensity ; there are some which conduct it 
and are not decomposed ; nor is fluidity essential to decomposition. 

" There are but two bodies (sulphuret of silver and fluoride of 
lead) which, insulating a voltaic current when solid, and conducting 
it when fluid, are not decomposed in the latter case. 

** There is no strict electrical distinction of conduction which can 
as yet be drawn between bodies supposed to be elementary, and 
those known to be compounds." 

(}^) p. 149. — Faraday's SpecukOion on the Nature ofMaiter^ already 
referred to. 

(^) p. 149. — Experimental, Researches : by Dr. Faraday. Chemical 
JOeoomposiiion, p. 151. 

(J**) p. 149. — Karsten ; Poggendorff's AnncUent vol. Ivii. 

(}^) p. 162. — Traite ExpeHmental de VEleetriciU et du MoffnHisme : 
Becquerel, 1834. Priestley's Introduction to Electricity. On ElectricUy 
m Equilibrium : Dr. Young's Lectures. 

(***) p. 152. — Faraday's Experimental Researches on Electricity* 
This philosopher has shown, by the most conclusive experiments, 
•« that the electricity which decomposes, and that which is evolved 
by the decomposition o^ a certain quantity of matter, are alike. 
What an enormous quantity of electricity, therefore, is required for 
the decomposition of a single grain of water ! We have already seen 
that it must be in quantity sufficient to sustain a platinum wire j^qp 
of an inch in thickness, red hot, in contact with the air, for three 
minutes and three quarters. It would appear that 800,000 charges 
of a Leyden battery, charged by thirty turns of a very large and 
powerful plate machine, in full action*-* a quantity stifficiant, tf 
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' p me d at onoe throogli tlie head of a rat or cat, to hare killed it as 
by a flash of lightning — are necessary to supply electricity sufficient 
to decompose e single grain of water ; or, if I am right, to equal 
the quantity of electricity whish is naturally associated with the 
elements of that grain of water, endowing them with their mutual 
fth ftm iiral affinity." 

(^^ p. 152. — Ei^trimmUal Reamn^im : Faraday. 

C^) P* 1^^* — "^^ appearance of acid and alkaline matter, in 
water, acted on by a current of electricity, at the opposite electrified 
metallic surfaces, was obsenred in the first chemical experiments 
made with the column of Volta — (see Nicholson's Journal, vol. ir. 
p. 183, and vol. iy. p. 261, for Mr. Cmickshank's Experiments ; and 
Annales de Chimie, torn, xxxvii. p. 233, for those of M. Desormes :) 
On wome Chemical AgeneUa in EledricUy : by Sir Humphrey Davy. — 
Philosophical Transactions for 1807. The various theories of elec- 
tro-chemical decomposition are carefully stated by Faraday, in his 
fifth series of Experimental Reeearehea on Eleetricity, in which he thus 
states his own views : ** It appears to me that the effect is produced 
by an internal eorjmaeuktr action exerted according to the direction of 
the electric current, and that it is due to a force either superadded to 
ox giving direction to the ordinary chemical affinity of the bodies present. 
The body under decomposition may be considered as a mass of 
acting particles, all those which are included in the course of the 
electric current contributing to the final effect ; and it is because the 
ordinary chemical affinity is relieved, weakened, or partly neutral- 
ized by the infiuence of the electric current in one direction parallel 
to the course of the latter, and strengthened or added to in the oppo- 
site direction, that the combining particles have a tendency to pasa 
in opposite courses." 

(1**) p. 167. — *• This capital discovery (chemical decompoation by 
electricity) appears to have been made in the first instance by 
Messrs. Nicholson and Carlisle, who observed the decomposition of 
water so produced. It was speedily followed up by the still m<Hre 
important one of Berzelius and Hisuiger, who ascertained it as a 
general law, that, in all the decompositions so effected, the adds and 
oxygen become transferred and accumulated around the positive, and 
hydrogen, metals, and alkalies aroimd the negative, pole of a vt^taic 
circuit ; being transferred in an invisible, and, as it were, a latent or 
torpid state, by the action of the electric current, through consider- 
able spaces, and even through large quantities of water or other 
liquids, again to reappear with aU their properties at their appropri- 
ate resting-plaoes."— 'iMfooMTM oa the Study qf NaitanfeA PhUotqpk^ : hf 
Sir John Hencbel, Baft.^ F«iL& 
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(1*5) p. 157. — Numerous beautifal illustrations of this fewjt will be 
found in Becquerel's Traite Experimental de FElectricite et du Magne- 
tUme, 

(i«) p. 158 See Le Feu eUmentaire of L'Abbe NoUet ; Lemons 

de Physique, torn. vi. p. 252 ; Du Pouvoir thermch-eleetriquey by M. 
Becquerel — Annales de Chimie, vol. xli. p. 353 ; also, a Memoir by 
Nobili, Bibliotheque Universelle, vol. xxxvii. p. 15 ; Experimental . 
Contributions towards the theory of Thermo- Electricity, by Mr. J, 
Prideaux — Philosophical Magazine, vol. iii., Third Series; On the 
Thermo- Maynetism of Homogeneous Bodies, with illustrative experiments, 
by Mr. William Sturgeon — Philosophical Magazine, vol. x. p. 1-116, 
New Series. Botto made magnets and obtained chemical decompo- 
sition. Antinori produced the spark. Mr. Watkins heated a wire 
in Harris's Thermo-Electrometer. 

C^) P« 158. — A very ingenious application of the knowledge of 
this fact was suggested by Mr. Solly, by which the heat of a furnace 
could be constantly registered at a very considerable distance &om 
it. See Description of an Electric Thermometer : by E. Solly, Junr., 
Esq. — Philosophical Magazine, vol. xx. p. 391. New Series. 

{^^) p. 159. — Humboldt ; Personal Narrative, chap. xvii. — An- * 
nales de Chimie, vol. xiv. p. 15. 

(M9) p. 159. — Experimental Researches on Electricity, Series xv. 
Consult Sir Humphrey Davy : An Account of some ExperimcTtts on the 
Torpedo. — Philosophical Transactions, 1829, p. 16. John Davy, 
M.D., F.R.S. : An Account of some Experiments and Observations on 
the Torpedo, ibid., 1832, p. 259 ; and the same author's Observations on 
the Torpedo, vnth an account of some Additional Experiments on its 
Electricity ; and Matteucci, Bibliotheque Universelle, 1837, vol. xii. 
p. 174. 

i}^) p. 161. — On Lightning Conductors, by Sir William Snow 
Harris; Observcttions on the Action of Lightning Conductors, by W. 
Snow Harris, Esq., F.R.S. — London Electrical Society's Trans- 
actions. Numerous valuable papers On Electricity, by Sir William 
Harris, will be found in the Philosophical Transactions. 

("^*) p. 162. — Adopting, to a certain extent, this view, Faraday, in 
his Electrical Nomenclature, proposed for the word pole to substitute 
anode (avm, upwards, and odbg, a way), the way which the sim rises ; 
and cathode (xara, dotonwards, and bdoe, a way), the way which the 
sun sets. The hypothesis belongs essentially to Ampere, ejections 
to the Theories severally of Franklin, Dufay, and Ampere, with an effort 
to explain Electrical Phenomena by statical or undulatory Polarization, by 
Robert Hare, M.D., Pennsylvania, will well repay an attentive perusal. 
32 
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("«) p. 162. — Inquiry into the lawt of the Vital Functions. — Philo- 
tophical TranBactioiifl, 1815, 1822 ; Some OhservtUione relating to the 
\ of Digettiony ibid., 1829 ; On the Powers of which the Func- 
of Life in the more perfect animals depend, and on the manner in 
wkieh they are associated in the production of their more complicated 
retuUs, by A. P. W. PhiUp, M.D.. F.R.S., L. & E. —The foUowing 
extract from the laat-quoted of Dr. Philip's Memoirs, will giTe a 
general view of the conclusions of that eminent physiologist: 
** With respect to the nature of the powers of the living animal which 
we have been considering, the sensorial and muscular powers, and 
the powers peculiar to Hying blood, we have found belong to the 
living animal alone, all their peculiar properties being the proper- 
ties of life. The functions of life may be divided into two classes, 
those which are effected by the properties of this principle alone, and 
those, by far the most numerous class, which result firom the co- 
operation of these properties with those of the principles which 
operate in inanimate nature. The nervous power we have found 
to be a modification of one of the latter principles, because it can 
exist in other textures than those to which it belongs in the living 
animal, and we can substitute for it one of those principles 
without disturbing the functions of life. 

"Late discoveries have been gradually evincing how far more 
extensive than was supposed, even a few years ago, is the dominion 
of electricity. Magnetism^ chemical affinity, and (I believe, fi-om the 
facts stated in the foregoing paper, it will be impossible to avoid the 
conclusion) the nervous influence, the leading power in the vital 
functions of the animal frame, properly so called, appear all of them 
to be modifications of tMs apparently universal agent ; for I may 
add we have already some glimpses of its still more extensive 
dominion/' 

Refer to Br. Read's papers. 

iy^) p. 162. — Electro-physioloffical Researches : by Signer Carlo 
Matteucd; Phil. Trans. 1845, p. 293, and subsequent years. 

(i«) p. 163. — Electro-Biology : by Alfred Smee, Esq. 

Q^) p. 166. — Observations of Electrio Currents in Vegetable Struc- 
tures : by Golding Bird, Esq., F.L.S. ; Magazine of Natural History, 
voL X. p. 240. In this paper, Br. Bird remarks that his experiments 
lead to the conclusion that vegetables cannot become so charged with 
electricity as to afford a spark ; that electrical currents of feeble ten- 
sion are always circulating in vegetable tissues ; and that electrical 
currents are developed during germination from chemical action. 
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(M8) p. 166. — On Mineral Veins: by Robert Were Pox, Esq.; 
Fourth Report of the Royal Cornwall Polytechnic Society. On the 
EUctro-metgnetic Properties of MetdUiferous Veins in the mines of Corn- 
waU: by Robert Wi Fox, Esq. ; Phil. Trans., 1830, p. 399. 

("") p. 167. — Experiments and Observations on the Electricity of 
Mineral Veins : by Robert Hunt and John Phillips ; Reports of the 
Royal Cornwall Polytechnic Society for 1841-42. On the Electricity 
of Mineral Veins: by Mr. John Arthur Phillips; Ibid., 1843. 

Q^) p. 167. — In the lead lodes of Lagylas and Frongoch^ electrical 
currents were detected by Mr, Fox, but none in those of South Mold 
and Miliorf in Flintshire : Cornwall Geological Transactions, vol. iv. 
In the lead veins of Coldberry and Skeers in Teasdale, Durham, the 
currents detected were very feeble : Reports of the Bristol Associa- 
tion, 1838. Yon Strombeck could detect no electric currents in the 
veins worked in the clay slate near Saint Goar, on the Rhine: 
Archiv fur Mlneralogie, Geognosie, &c., von Dr. C. J. B. Karsten, 
1833. Professor Reich, however, obtained very decided results at 
Frisch Gliickf Neue Hoffnung Gotthb, and in other mineral veins in 
the mining districts of Saxony : Edinburgh New Philosophical 
Journal, vol. xxviu. 1839. The irregularities are to be explained by 
the presence or absence of chemical excitation. 

(i») p. 167. — This was remarkably the case at Huel Spamon, near 
Redruth, where the cobalt was discovered between two portions of 
a dislocated lode ; and the same was observed by Mr. Percival 
Johnson, in a small mine worked for nickel, near St Austell. 

(1*) p. 167. — On the process used for obtaining artificial veins in clay : 
by T. B. Jordan; Sixth Annual Report of the Royal Cornwall 
Polytechnic Society. See also my memoir already referred to, in the 
Memoirs of the Geological Survey and Museum of Practical Geology, 

vol. i. 

(^®) p. 168. — See Becquerel, Traite Ejyterimental de F Electricite, 

8^c. Electrical Experiments on the formation of Artificial Crystals : by 

Andrew Crosse, Esq. ; British Association Reports, vol. v., 1836. 

The lamination of clay and other substances is described in my 

memoir referred to. Note 156. 

(i«2) p. 168. — Report on the Geology of Cornwall, Devon, and 

West Somerset, by Sir Henry T. De la Beche : Theoretical observa^ 

iions on the formation andfiUing of Mineral Veins and Common Faults^ 

p. 349. 

(i«) p. 168. — The following analysis of waters from deep lidnes 

were made by me in 1840, and, with many others, published in the 

Reports of the Royal Cornwall Polytechnic Society. 
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Consolidated mines, Qwennap, 

ComwalL In 1000 grains of water. 

Muriate of soda 1.5 

Sulphate of lime 6 

Sulphate of iron 15 

Sulphate of copper . . . • 1.25 

j^ )^ ^ |rff l|'P ft •••••• ,3 

Total ., ... 3.7 

United Mines, Gwennap. In 1000 grains of water. 

Muriate of soda 1.10 

Muriate of lime 15 

Sulphate of soda 50 

Sulphate of lime . ; . .1.5 

Sulphate of iron 75 

Alumina .•••.. .5 
SUka 15 

Total 4.65 

Great St. George. 

Muriate of soda 1.35 

Sulphate of lime 74 

Carbonate of iron 70 • 

Alumina 50 

Carbonate of lime 10 

Total 3.4 

(*•*) p. 170. — The discorepy of the dectrotype has been disputed* 
as all valuable discoveries are. Without, however, at all disparaging 
the merits of what had been done by Mr. Jordan, I am satisfied, after 
the most careful search, that the first person who really employed 
electro-chemical action for the precipitation of metals in an orna- 
mental form, was Mr Spencer of Liverpool. 

(**) p. 170. — See Spencer, Inatrtustions for the MuUipUctUion of 
worka of Art in Metal by Voltaic Electricity, Novelties in ExperimenttU 
Science : Griflin, Glasgow. Elements of Electro-metaUurffy : by Alfred 
Smee, Esq. 

(^"i p. 170. — The magneto-electrical machine is employed in Bir- 
mingham for this purpose ; but I am informed by Messrs. EUdngton 
that they do not find it economical, or rather that the electro-preci- 
pitation is carried on too slowly. 
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i}^) p. 170. — This has been done by Mr, Bobert Were Fox, at a 
mine near Falmouth. By connecting two copper -nires with two 
lodes, and bringing them/ at the surface, into a cell containing a 
solution of sulphate of copper, this gentleman obtained an electro- 
type copy of an engraved copper-plate. 

(^®) p. 173. — This is stated to have been most effectually accom- 
plished by Mr. Bain. 

(^®) p. 175. — Treatise on MagneHsm^ by Sir David Brewster. 
Cosmos : a Sketch of a Physical description of the Universe, by Alexander 
Von Humboldt. — Sabine's Translation, vol. ii. p. 268. 

(!"*) p. 179. — Experience Electro- Moffnitique : par M. (Ersted. — 
Annales de Chimie, vol. xxii. p. 201. Be la Rive, Recherches sur la 
Distribution de FElectridte dyn, dans Us Corps, — Geneve, 1825. 

(1^) p. 179. — On the Magnetic power of Soft Iron ; by Mr. Watkins. 
— Philosophical Transactions, 1833. 

(^2) p. 180. — Cavallo, On Magnetism, — Cavallo was the first who 
noticed the influence of heat on magnetism. Consult On the anoma- 
lous Magnetic Action of hot Iron between the white and blood-red heat: 
by Peter Barlow, Esq. — Philosophical Transactions, 1822, p. 124. 
Treatise on Magnetism : by Barlow. — Encyclopedia Metropolitaua. 

O'*) p. 181. — "The foundation of our researches is the assumption 
that the terrestrial magnetic force is the collective action of all the 
magnetized particles of the earth's mass. We represent to ourselves 
magnetization as the separation of the magnetic fluids. Admitting 
the representation, th3 mode of action of the fluids (repulsion of 
similar, and attraction of dissimilar, particles inversely as the square 
of the distance) belongs to the number of established truths. No 
alteration in the results would be caused by changing this mode of 
representation for that of Ampere, whereby, instead of magnetic 
fluids, magnetism is held to consist in constant galvanic currents in 
the minutest particles of bodies. Nor would it occasion a difference 
if the terrestrial magnetism were ascribed to a mixed origin, as pro- 
ceeding partly from the separation of the magnetic fluids in the 
earth, and partly from galvanic currents in the same ; inasmuch as 
it is known that for each galvanic current may be substituted such 
a given distribution of the magnetic fluids in a surface bounded by 
the current, as would exercise in each point of external space pre- 
cisely the same magnetic action as would be produced by the 
galvanic current itself." — Oeneral Theory of Terrestrial Magnetism : 
by Professor Carl Friedrich Gauss, of the University of Gottingen. — 
Scientific Memoirs, vol. u. p. 188. 
32* 
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(y*) P* ^8^* ** Hansteen : Untenuchungen uber den Magnetismua der 
^rde, Cluistiania, 1810. Humboldt : Expose des Variatiotu Magne- 
%UM. — Gilbert's Annales. Brewster's Magnetism : Encyclopedia 
Metropolitana. 

i^^) p. 184* — Hansteen ; as above, 

(17^ p. 184. "^ On the effects of temperature on the inteneUy of mag- 
netie forces, and on the diurnal variations of the terrestrial magnetic 
ieUentity : by Samuel Hunter Christie, Esq. — Philosophical Trans- 
actions, ToL czv. 1825. 

(177) p. 185. — It has been observed by Mr. Barlow, in England, 
and some eminent observers in Austria, that an electric current con- 
stantly traverses the wires of the electric telegraph wherever there 
are two earth connections. 

(178) p. 186. — Meteorological Observations and Essays : by Dr. Dalton. 
On the Height of the Aurora BoreaHs above the surface of the Earth : 
by John Dalton, F.R.S. — Philosophical Transactions, voL cziv. 
p. 291. 

(179) p. 185. — Arago : Annales de- Chimie, voL zxxiz. p. 369. 
On the variable Intensity of Terrestrial Magnetism, and the influence of 
the Aurora BoreaUs upon it ; by Robert Were Fox. — Philosophical 
Transactions, 1831, p. 199. 

(^ P- 1^^* — '* Brilliant and active coruscations of the Aurora 
Borealis," says Captain Back, " when seen through a hazy atmo- 
sphere, and exhibiting the prismatic colours, al.nost invariably affected 
the needle. On the contrary, a very bright Aurora, though attended 
by motion, and even tinged with a duUish red and a yellow in a 
clear blue sky, seldom produced any sensible change, beyond, at the 
most, a tremulous motion. A dense haze or fog, in conjunction 
with an active Aurora, seemed uniformly favourable to the dis- 
turbance of the needle, and a low temperature was favourable to 
brilliant and active coruscations. On no occasion during two winters 
was any sound heard to accompany the motions. The Aurora was 
frequently seen at twilight, and as often to the eastward as to the 
westward; clouds, also, were often perceived in the day-time, in 
form and disposition very much resembling the Aurora." — Narrative 
of the Arctic Land Expedition* 

(iffl) p. 187. — Faraday ; On the Diamagnetic character of Flame and 
Gases. 

(M2) p. 187. — "The Aurora Borealis is certainly in some measure 
a magnetical phenomenon ; and if iron were the only substance 
capable of exhibitmg magnetic effects, it would follow that some 
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ferrugmoiis particles must exist in the upper regions of ^ the atmo- 
sphere. The light usually attending this magnetical meteor may 
possibly be derived from electricity, which may be the immediate 
cause of a change in the distribution of the magnetic fluid, contained 
in the ferruginous vapours which are imagined to float in the air." — 
Lecture on Magnetism : Young's Lectures on Nat, PhUoaophyt p. 533. 

(^^ p. 188. — On the sttpposed injluenoe of Magnetism and ChemiceU 
Action : by Bobert Hunt. — Philosophical Magazine, vol. zxxii. No. 
215. 1848. 

(^^) p. 188. — Those bodies which are attracted by a magnet, as 
iron is, are called magnetic bodies. Those which are, on the contrary, 
repelled by the same power, are termed diamagnetic bodies. On these 
Dr. Faraday remarks : *< Of the substances which compose the crust 
of the earth, by £Eur the greater portion belong to the diamagnetio 
class; and though ferruginous and other magnetic matters, being 
more energetic in their action, are more striking in their phenomena, 
we should be hasty in assuming that, therefore, they overrule en- 
tirely the effect of the former bodies. As regards the ocean, lakes, 
rivers, and the atmosphere, they will exert their peculiar effect 
almost uninfluenced by any magnetic matter in them, and as respects 
the rocks and moimtains, their diamagnetic influence is perhaps 
greater than might be anticipated. I mentioned that, by adjusting 
water and a salt of iron together, I obtained a solution inactive in 
air ; that is, by a due association of the forces of a body from each 
class, water and a salt of iron, the magnetic force of the latter was 
entirely counteracted by the diamagnetic force of the former, and 
the mixture was neither attracted nor repelled. To produce this 
effect, it required that more than 48.6 grains of crystallized protosul- 
phate of iron should be added to ten cubic inches of water (for 
these proportions gave a solution which would set equatorially) ; a 
quantity so large, that I was greatlv astonished on observing the 
power of the water to overcome it. It is not, therefore, at all 
unlikely that many of the masses which form the crust of this our 
globe, may have an excess of diamagnetic power, and act accord- . 
i^&ly** — ^ ^*^^ magnetic actions, and on the magnetic condition of all ' 
matter: by Michael Faraday, D.C.L., F.R.S., &c. — Philosophical 
Transactions, Jan. 1846, vol cxxxviL. p. 41. - 

0«) p. 189. — Ibid. 

Q^) p. 190. — On the Diamagnetic conditions of Flame and Gases, by 
Michael Faraday, F,R.S., ; and On the motions presented by Flame 
when undfsr ^Bectro-Magnetic Injktence, by Professor Zantedeschi. — 
Philosophical Magazine, 1847, pp. 401-421. 
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(]') p. 190. — On Diamagnetiam ; by Professor Plucker, of Bonn. 
— Philosophical Magazine, July, 1848. 

(^) p. 191. — A few examples taken from Dr. Faraday's paper 
wiU show this : — 

Nitrogen being acted on was manifestly diamagnetic in relation to 
common air when both were of the same temperature. Oxygen 
appears to be magnetic in common air. Hydrogen proyed to be 
clearly and eyen strongly diamagnetic. Its diamagnetic state shows, 
in a striking point of yiew, that gases, like solids, haye peculiar and 
diatinctiye degrees of diamagnetic force. Carbonic acid gas is dia- 
magnetic in air. Carbonic oxide was carefully freed from carbonic 
acid, before it was used, and it appears to be more diamagnetic than 
carbonic acid. Nitrous oxide was moderately, but clearly diamag- 
netic in air. Olefiant gas was diamagnetic. The coal gas of London 
is yery well diamagnetic, and giyes exceedingly good and distinct 
results. Sulphurous acid gas is diamagnetic in air. Muriatic acid 
gas was decidedly diamagnetic in air. On the DiamagneHo Conditions 
of Flame and Gases : Philosophical Magazine, 1847, p. 409. 

(^*) p. 193. — For illustration of this I must refer to my own 
Memoir, Besearches on the Influence of Magnetism and VoUaie Electricity 
on Crystallization, and other conditions of matter, in the Memoirs of the 
Geological Suryey of Great Britain, &c., yol. i. 

(1*^) p. 194. — In a work published by Mr. Evan Hopkins, entitled 
On the connection of Geology with Terrestrial Magnetism, will be found 
many valuable practical observations, made in this country and the 
gold and silver districts of America; but the views taken by the 
author are open to many objections. 

(191) p. 195. — See a Notice by Faraday of Morichini's Experiments 
in Relations of Light to Magnetic Force. — Philosophical Transactions, 
vol. cxxxvii. p. 16. See also Mr. Christie On Magnetic influence in the 
Solar Rays. — Philosophical Transactions, vol. cvii. p. 219 ; vol. cxix. 
p. 379. » 

(1^) p. 195. — Sir David Brewster On Magnetism; republished 
from the Encyclopaedia Britannica. 

(188) p. 195. — The whole of the title of Kircher's book will convey 
some idea of the subjects embraced : Athanasii Kircherl Societatis 
Jesu Magnes, sive de Arte Magnetica : opus tripartitiim, quo Uni- 
versa Magnetis Natura ej usque in omnibus Scientiis et Artibus ik^us 
nova method© explicatur : ac preeterea e viribus et prodigiosis effec- 
tibus Magneticarum aliarumque abditarum Naturae Motionum in. 
Elementis, Lapidibus, Plantis, AnimaUbus elucescentium : multa 
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hucusque incognita Naturae Arcana, per Physica, Medica, Chymica, 
et Mathematica omnis generis Experimenta recluduntur. Editio 
Tertia : ab ipso Anthore recognita emendataque, ac multis noyorum 
Experimentorum Froblematibus aucta. Romse, 1654. 

Q^) p. 195. — The following are the titles of the concluding 
chapters of Kircher's book : De magnetismo solis et lurus in maria. 
De magneticd vi plantarum. De insUionia magnetida miracuUs, De 
magnetisfno virgtiiUB auriferm seu divinatoriae, De plantia heliotropiis 
eorumqtte magnetiamo, De magnetismo rerum medicinalium. De vi 
attraetivd potentia imaginative, De magnetismo musica, De magnetismo 
amoris, 

(^) p. 196. — "For these reasons it appears most natural to 
seek their origin in the sun, the source of all living activity, and 
our conjecture gains probability from the preceding remarks on 
the daily oscillations of the needle. Upon this principle, the sun 
may be conceived as possessing one or more magnetic axes, which> 
by distributing ' the force, occasion a magnetic difference in the 
earth, in the moon, and all those planets whose internal structure 
admits of such a difference. Yet, allowing all this, the main 
difficulty seems not to be overcome, but merely removed from the 
eyes to a greater distance ; for the question may still be asked, 
with equal justice, Whence did the sun acquire its magnetic force ^ 
And if from the sun we have recourse to a central sun, and from 
that again to a general magnetic direction throughout the universe, 
having the MiUty Way for its eqtiator, we but lengthen an un- 
restricted chain, every link of which hangs on the preceding link, 
no one of them on a point of support. All things considered, the 
following mode of representing the subject appears to me most 
plausible. If a single globe were left to move alone freely in the 
immensity of space, the opposite forces existing in its material 
structure would soon arrive at an equilibrium conformable to their 
nature, if they were not so at first, and aU activity would soon 
come to an end. But if we imagine another globe to be introduced, 
a mutual relation will arise between the two ; and one of its results 
will be a reciprocal tendency to unite, which is designated and 
sometimes thought to be explained by the merely descriptive word 
attraction. Now would this tendency be the only consequence of 
this relation ? Is it not more likely that the fundamental forces, 
being drawn from their state of indifference or rest, would exhibit 
their energy in aU possible directions, giving rise to all kinds of 
contrary action ? The electric force is excited, not by friction 
alone, but also by contact, and probably also, though in smaller 
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deg^rees, by the mutual action of two bodies at a difltance ; for 
contact is nothing but the smallest possible distance, and that, more- 
over, only for a few small particles. Is it not conceivable that 
magnetic force may likewise originate in a similar manner ? When 
the natural philosopher and the mathematician pay regard to no 
other effect of the reciprocal relation between two bodies at a dis- 
tance, except the tendency to unite, they proceed logically, if their 
investigations reqxdre nothing more than moving power ; but should 
it be maintained that no other energy can be developed between two 
such bodies, the assertion wHl need proof, and the proof wiU be hard 
to fiind." — The above is a translation from Hansteen's work On 
Moffnetism, 

(}^) p. 198. — See article Animal Mcignetiam, Encyclopsedia Brit- 
annica, and Mr. Braid's papers On Hypnotism, pubUshed in the 
Medical Times. 

Q^) P» 200. — All the phenomena connected with volcanic action, 
and the theories connected therewith, will be found in Dr. Daubeny's 
work, A deacripHon of active and extinct Volcanoes, of Earthquakes, and 
of Thermal Springs, 1848. 

(188) p. 201. — Graham's Elements of Chemistry, New Edition. 

(i») p. 202. — Ibid. ; and Brande's Manual, 

(*») p. 203. — Of these tables of attraction the following may be 
taken as a specimen : — 

SuLPHUMc Acid. 
Baryta. Lime. 

Strontia. Magnesia. 

Fotassa. Ammonia. 

Soda. 

It thus appears that baryta separates sulphuric acid from its com- 
pounds with all inferior substances, and that ammonia is separated 
from the acid by all that are above it. 

(20i)p. 204.— Berthollet; Essai de Statique Chimique, 1803. Sir 
Humphrey Davy, in his Elements of Chemical Philosophy, has given 
an excellent review of the views of Berthollet. 

(202) p. 208. — On certain combinations of a new add, formed of Azote, 
Sulphur, and Oxygen : by J. Pelouze. Translated from Annales de 
Ohimie, vol. xvi., for Scientific Memoirs, vol. i. p. 470. Some ideas 
of a new force acting in the combinations of Organic Compounds, by 
Berzelius : Annales de Chimie, vol. Ixi. The conclusion come to by 
this eminent chemist is expressed in the following translation: 
"This new power, hitherto unknown, is common both in organic 
and inorganic nature. I do not believe that it is a power which is 
entirely independent of the electro-chemical affinities of the sub- 
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stance. I belicye, on the contraryi that it is merely a new form, of 
it ; but so long as we do not see their connection and mutual depend- 
ence, it will be more convenient to describe it by a separate name. 
I shall, therefore, call it catalytic power : I shall also call catalysis 
the decomposition of bodies by this force — in the same way as the 
decomposition of bodies by chemical affinity is termed analysis/' 

(203) p. 209. — Berzelius ; Annates de Chimie, vol. Ixi. 

(**) P» 210. — On Transformations produced by Catalytic bodies : by 
Lyon Playfair, Esq. ; Phil. Mag., vol. xxxi. p. 191. 1847. — "Facts 
have been brought forward to show that there is at least as much 
probability in the view that the catalytic force is merely a modified 
form of chemical affinity exerted under peculiar conditions, as there 
is in ascribing it to an unknown power, or to the communication of 
an intestine motion to the atoms of a complex molecule. Numerous 
cases have been cited, in which the action results, when the assist- 
ing or catalytic body is not in a state of change ; and attempts have 
been made to prove, by new experiments, that the catalytic power 
exercises its peculiar power by acting in the same direction as the 
body decomposing, or enteiing into union, but under conditions in 
which its own affinity cannot always be gratified." 

(205) p, 213. — Consult Graham's Chemistry, On Combining Propor- 
tions, 

(^ p. 215. — Memoir on Atomic Volume and Specific Gravity, 
Messrs. Lyon Playfair and Joule. — Philosophical Magazine, vol. 
xxvii. p. 453, or Transactions of Chemical Society of London. Obser- 
vations on the above, by Professor de Marignac. — Bibliotheque 
Universelle, Feb. 1846. On the Relation of the Volume of bodies^ in 
the solid statCt to their equivalents, or atomic weights : by Professor " 
Otto. Studies on the connection between t?ie atomic weights, crystalline 
form, and density of bodies : by M. Filhol. Translated for the Caven- 
dish Society, and published in their Chemical Reports and Memoirs. 

(*^0 P' 215. — Comptes JRendus de t Academic des Sciences, 1840, No. 
5. A good translation of Dumas's Memoir appeared in the Phil- 
osophical Magazine, from which I extract the following famUiar 
exposition of the laws of substitution : " Let me make a compari- 
son, drawn from a familiar order of ideas. Let us put ourselves in 
the place of a man overlooking a game at chess without the slightest 
knowledge of the game. He would soon remark that the pieces 
must be used according to positive rules. In chemistry, the equiva- 
lents are our pieces, and the law of substitutions one of the rules 
which preside over their moves. And as, in the oblique move of 
the pawns, one pawn must be substituted for another, so in the 
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phenomena of substitution, one element must take the place of 
another. But this does not hinder the pawn from advancing -without 
taking anything, as the law of substitution does not hinder an ele- 
ment from acting on a body without displacing or taking the place 
of any other element that it may contain." — Memoir on the Law of 
SubttiiutiotUf a$id Theory of Chemieal Types, 

(**) p. 217. — liebig's Chemietry, in its application to AgricuUvre 
and Physiology : translated by Lyon Playfair, Ph. D. AninuU Chem- 
istry, or Chemistry in its application to Physiology and Paihohgy : by 
Justus liebig ; translated by William Gregory. 

(**) p. 223. — Dr. Priestley appears to have been the first to observe 
the peculiar property of the diffusion of gases. Dr. Dalton. however, 
first drew attention to the important bearing of this fact on natural 
phenomena, and he published his views on The MiscibUity of Gases, 
in the Manchester Memoirs, vol. v. The following extract frt)m his 
memoir On the Constitution of the Atmosphere, will exhibit its bear- 
ings:— 

It may be worth while to contrast this view of the constitution of 
the atmosphere with the only other one, as far as I know, that has 
been entertained. 



According to one view, 
1. The volumes of each gas 
found at the surface of the earth 
are proportional to the whole 
weights of the respective atmo- 
spheres. 

Azote 79 

Oxygen .... 21 
Aqueous vapour • 1.33 
Carbonic Acid . . .10 



101.43 



According to one view, 

2. The altitude of each atmo- 
sphere differs from that of every 
other, and the proportions of each 
in the compound atmosphere 
gradually vary in the ascent. 

3. When two atmospheres are 
mixed, they take their places ac- 
cording to their specific gravity, 
not in separate strata, but inter- 
nuxedly. There is, however, a 
separate strattun of the specifi- 
cally lighter atmosphere a the 
summit over the other. 



According to the other view, 
1. The vohmie of each gas foimd 
at the surfebce of the earth, mtd- 
tipUed by its specific gravity, is 
proportional to the whole weight 
of the respective atmospheres. 

Azote 76.6 

Oxygen .... 23.4 
Aqueous vapour . . 0.83 
Carbonic Acid . . 0.15 



100.88 
According to the other view, 

2. The altitude of each atmo- 
sphere is the same, and the propor- 
tion of each in the compound 
atmosphere is the same at all 
elevations. 

3. When two atmospheres are 
mixed, they continue so withnot 
the heavier manifesting any dis- 
position to separate and dessend 
from the lighter. 
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{^ p. 223. — The diseussion of this question, commenced by 
Arago in his Eloge, was continued by Lord Brougham in his Lives of 
Wait and Cavendish, and by Mr. Yemon Harcourt, in his address as 
President of the British Association, and more recently in his 
Letter to Lord Brougham. Watt's Letters on the subject have been 
since published under the superintendence of Mr. Muirhead. 

(211) p. 224 . — See several papers On Ozone, by Professor Schonbein, 
in the Philosophical Magazine, and in the Keports of the British 
Association. Consult a paper by the Author : Athemeum, Septem- 
ber, 1849. 

(^1^) p. 227. — Iodide of silver has been found at Albarradon, 
near Mazapil, in Mexico. Iodide of mercury, of a fine lemon- 
yellow colour, has been discovered in the sandstone of Casas, Viegas, 
Mexico. Algers ; Phillips* Mineralogy, 

(213) p, 228. — Stahl, taking up the obscure notions of Becher 
and Van Hehnont, supposed the phenomena of combustion to be 
due to phlogiston. He imagined that, by combination with phlo- 
giston, a body was rendered combustible, and that its disengagement 
occasioned combustion, and after its evolution there remained either 
an acid or an earth : thus sulphur was, by this theory, supposed to 
be composed of phlogiston and sulphuric acid, and lead of the calx 
of lead and phlogiston, &c. 

(2i<) p. 229. — Being called upon by the Solicitor for the Admiralty 
to examine into the causes of the fire which destroyed the Imogens 
and Talavera, in Devonport Arsenal, I discovered a bin under the roof- 
ing which covered these ships, in which there had been accumulating 
for a long period all the refuse of the wheelwrights' and painters' shop ; 
and it was quite evident that spontaneous combustion had taken 
place in the mass of oiled oakum, sawdust, anti-attrition, and old 
sail-cloth there allowed to accumulate. 

(2W) p. 230. — Researches on Flame : Sir H. Davy's collected works. 
(218) p; 232. — See note, ante, On the Chemical Theory of Respiration, 
{^) p. 236. — At the request of the British Association, a com- 
nuttee has undertaken the investigation of this subject. Experiments 
are now being carried on by Dr. DauSeny, in the Botanic Gardens at 
Oxford, and by the Author, at his residence, Stockwell. Dr. Daubeny, 
in his report made at the meeting of the British Association at 
Birmingham, appears disposed to consider ten per cent, of carbonic 
acid in excess as destructive to the growth of ferns. 

(218) p. 236. — See memoir On the Pilehard, by Mr. Couch, in the 
Reports of the Koyal Cornwall Polytechnic Society. 
33 
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(^ p. 239. — " This scale, in which the humidity of the air is 
expressed, is the simple natural scale in which air at its maximum of 
humidity (t. «., when it is saturated with yapour) is reckoned as 
s= 100, and air absolutely deprived of moisture as := ; the inter- 
mediate degrees are given by the fraction 100 X actual tension of 
yapour -t- tension required for the saturation of the air at its existing 
temperature. Thus, if the air at any temperature whatsoeyer con- 
tains yapour of half the tension, which it would contain if saturated, 
the degree is 60 ; if three-fourths, then 75 ; and so forth. Air of 
a higher temperature is capable of containing a greater quantity of 
yapour than air of less temperature ; but it is the proportion of 
what it does contain, to what it would contain if saturated, which 
constitutes the measure of its dryness or humidity. The capacity 
of the air to contain moisture being determined by its temperature* 
it was to be expected that an intimate connection and dependence 
would be found to exist between the annual and diurnal variations 
of the yapour and of the temperature." — Sabine, On the Meteorology 
of Toronto : Reports of British Association, vol. xiiL p. 47. The Tem- 
perature Tables : by Prof. W. H. Dove ; Reports for 1847 should be 
consulted. 

(220) p. 240. — Sir David Brewster's Optics end memoirs in the 
Philosophical Transactions. Sir John Herschel's treatise on Light, 
Encyclopaedia Metropolitana. 

(221) p. 241. — On the colour of steam under certain circumstances ; 
by Professor Forbes ; Philosophical Magazuie, vol. xiv. p. 121, vol. 
XV. p. 25. In the first paper the following remarks occur : " I 
cannot doubt that the colour of watery vapour under certain circum- 
stances is the principal or only cause of the red colour observed in 
clouds. The very fact that that colour chiefly appears in the 
presence of clouds is a sufficient refutation of the only expla- 
nation of the phenomena of sunset and sunrise having the 
least plausibility given by the optical writers. If the red light 
of the horizontal sky were simply complementary to the blue of a 
pure atmosphere, the sun ought to set red in the clearest weather, 
and then most of all ; but expvience shows that a lurid sunrise or 
sunset is always accompanied by clouds or diffused vapours, and in a 
great majority of cases occurs when the changing state of previously 
transparent and colourless vapour may be inferred from the succeed- 
ing rain. In like manner terrestrial lights, seen at a distance, grow 
red and dim when the atmosphere is filled with vapour soon to be 
precipitated. Analogy, applied to the preceding observations, would 
certainly conduct to a solution of such appearances ; for I have 
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remarked that the existence of yapour of high tension is by no means 
essential to the production of colour, though of course a proportion- 
ally greater thickness of the medium must be employed to produce 
a similar effect when the elasticity is smalL" 

(228) p.^ 243. — On the Law of Difftuion of Gases : by Thomas 
Graham, M.A., F.R.S., &c. ; Edinburgh Philosophical Transactionfl, 
1832. Sur r Action CapiUaire dee Fiamres, S^, : by Dubereiner; 
Annales de Chimie, xxiy. 332. 

(***) p. 245. — Electro-chemical Researches on the Decompositions of 
the Earths, toith observations on the Metals obtained from the Alkaline 
Earths, and on the Amalgam procured from Ammonia : by Sir Hum- 
phrey Davy ; Philosophical Transactions, 1808; and collected works, 
voL V. p. 102. 

(22*) p. 247. — Elements of Chemical Philosophy : by Sir H. Dayy. 

(225) p; 262, •— Preliminary Discourse; Sir J. F. W. Herschel. 
Lardner's Cabinet Cyclopedia. 

(220) p. 264. — Geological Researches : by Sir Henry De la Beche, 
C.B. {Degradation of Mountains, p. 167.) Geological Manual, p. 184. 
Principles of Geology ; by Sir Charles Lyell, 7th Edition, p. 160, 686. 
On the Denudation of South Wales, and the ac^acent countries of 
England : by Professor Andrew Kamsay ; Memoirs of the Geological 
Survey and Museum of Practical Geology, vol. i. p. 297. 

(227^) p. 255. — Fownes, On the existence of Phosphoric Acid in Rocks 
of Igneous origin; Phil. Trans. 1844. p. 53. Nesbitt, Quarterly 
Journal of the Chemical Society, 

(228) p. 256. — On the Vegetation of the Carboniferous period as 
compared toith that of the present day ; On some peculiarities in the 
structure of SUgmaria : Remarks on the Structure and Affinities of some 
Lepidostrobi : by Dr. Hooker ; Memoirs of the Geological Survey, 
&c., vol. ii. pp. 387, 431, 440. 

(2») p. 269. — See Owen, Quarterly Journal of the Geological 
Society, No. 6, p. 96. Dr. Buckland, Geological Transactions, vol. 
iii. p. 220. The Wonders of Geology : by Dr. Mantell, vol. 11. p. 493. 

(290) p. 259. — Report on British Fossil Mammalia : by Blchard 
Owen, Esq., F.R.S. ; British Association Reports, vols. xi. xiL 

(281) p. 260. — Notice on the Iguanodon, a newly discovered fossil 
reptile from the Sandstone of Tilgate Forest, in Sussex: by Gideon 
Mantell, Esq., F.R.S., &c. ; Philosophical Transactions, voL cxv. p. 
179. On the Structure of Teeth, ^c, : by Professor Owen. 

(282) p. 260. — Dr. Mantell, Wonders of Geology, Geology of the 

South'sast of England. 
33* 
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(^) p. 261. •— Geological Besearohet ; Geological Manual : by Sir 
Henry Thomas De la Beche, CB., &c. 

(«)p. 261. — Ibid. 

(S») p. 262. — Experimental Researches on the Proditetion of Silicon 
from Paracyanogen : by Samuel Brown, M.D. ; Transactions of the 
Boyal Society of Edinburgh, toL zv. p. 229. Experiments on the 
aUeged conversion of Carbon into Silicon : by R. H. Brett, Ph. D., and 
J. Denham Smith, Esq. ; Philosophical Magazine, yol. xix. p. 295, 
New Series. See also Dr. Brown's reply to the above, ibid., p. 388. 

(*») p. 262. — Geology; Introductory, Descriptive, and Practical: by 
Prof. Ansted, voL u. p. 22. 

{^) p. 263. — The* Wonders of Geology : by Dr. Mantell, vol. i. p. 
162. Bridgevoater Treatise : by Dr. Buckland. Dr. J. J. Kemp, and 
Dr. A. Y. Klipstein, On the Dionotherium ; Darmstadt, 1836. Cuvier 
and De Blainyille have also carefully described the fossil remains of 
this animal. 

(**) p. 266. — See Professor Ramsay's memoir On Denudation, 
quoted Note 220. 

(*») p. 266. — " The distances to which river water, more or less 
charged with detritus, would flow over sea- water, will depend upon 
a variety of obvious circumstances. Captain Sabine found discol- 
oured water, supposed to be that of the Amazons, three hundred 
miles distant in the ocean from the embouchure of that river. It 
was about 126 feet deep. Its specific gravity was = 1.0204, and 
the specific gravity of the sea- water = 1.0262. Tins appears to be 
the g^atest distance £rom land at which river- water has been detect- 
ed on the surface of the ocean. If rivers, containing mechanically 
suspended detritus, flowed over sea- water in lines which, in general 
terms, might be called straight, the deposit of transported matter 
which they carried out would also be in straight lines. If, however, 
they be turned aside by an ocean current, as was the case with that 
observed by Captain Sabine, the detritus would be thrown, and 
cover an area corresponding in a great degree with the sweep which 
the river has been compelled to make out of the course, that its 
impulse, when discharged from its embouchure, might lead it to 
take. Supposing the velocity with which this river- water was moving 
has been correctly estimated at about three miles per hour, it is not 
a Httle curious to consider that the agitation and resistance of its 
particles should be sufficient to keep finely comminuted solid matter 
mechanically suspended, so that it would not be disposed fireely to 
part with it, except at its junction with the sea- water over which it 
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flows, and where, from friction, it is snfficently retarded. So that a 
river, if it can preserve a given amount of velocity flowing over 
the sea, may deposit no very large amount of mechanically sus- 
pended detritus in its course from the embouchure, where it is 
ultimately stopped. Still, however, though the deposit may not 
be so abundant as at flrst sight would appear probable, the constant 
accumidation of matter, however inconsiderable at any given time, 
must produce an appreciable effect during the lapse of ages." — Sir 
Henry Be la Beche's Geological Researches, p. 72. 

(»•>) p. 267. — Sir J. P. W. Herschel ; Preliminary Treatise, 

(**i) p. 270. — Fauna Antigua SivcUensia, Being the Fossil Zooloffy 
of the Sewalik Hills in the North of India : by Hugh Falconer and 
Proby T. Cautley. 1844. 

(242) p. 273. —Percy Bysshe SheUey. 

(2**) p. 275. — Experiments on the production of dephhgisticated air 
from water with various substances : by lieut.- General Sir Benjamin, 
Count of Rumford ; Phil. Trans., vol. Ixxvii. p. 84. 

(2**) p. 275. — Experiments upon Vegetables, discovering their great 
power of purifying the common air in the Sunshine, and of i^furing it in 
the Shade and at Night ; to which is joined, A new method of examining 
the accurate degrees of Salubrity of the Atmosphere, by John Ingenhousz, 
Councillor of the Court, and Body Physician to their Imperial and 
Royal Majesties, F.R.S., &c. London: printed for P. Ebnsley, m 
the Strand, and H. Payne, Pall MaU, 1779. 

(2*5) p. 275. — The Kingdoms of Nature, their life and affinity : by 
Dr. C. G. Cams ; Scientific Memoirs, vol. i. p. 223. 
. (2*8) p. 275. — In Biologic, by G. R. Treviranus, vol. ii. p. 302, the 
following passage occurs : " If we expose spring water to the sun 
in open or even closed transparent vessels, after a few days bubbles 
rise from the bottom, or from the sides of the vessel, and a green 
crust is formed at the same time. Upon observing this crust 
through a microscope, we discover a mass of green particles, gene- 
rally of a round or oval form, very minute, and overlaid with a 
transparent mucous covering, some of them moving freely, whilst 
others, perfectly similar to these, remain motionless and attached to 
the sides of the vesseL This motion is sometimes greater than at 
others. The animalcules frequently Ue as if torpid, but soon recover 
iheir former activity." 

{^) p. 276. — On the Structure of the Vegetable CeU : by Mohl. — 
Scientific Memoirs, vol. iv. p. 113. OutUnes of Structural and Phy- 
sical Botany : by Henfrey. 
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(<^) p. 276. — Dr. Carufl, in the memoir already quoted, says : 
** But since, in the organization of the earth, light and air, as 
constituting a second integrant part, stand opposed to gravitation, 
and since the plant bears a relation, not only to grayitation, but to 
light also, when its formation is complete it will necessarily present 
a second anatomical system, namely, that of the spiral yessels, which 
hare been very justly considered, of late, as the organs that per- 
form in plants the functions of nerves." 

(*•) p. 277. — Mr. Crosse's Experiments in the Journal of the Lon- 
don Electrical Society, and Mr. Weeke's in the Electrical Magazine, 
and a communication appended to Explanations : a Sequel to the Fes- 
Offee of the NaturcU History of Creation, 

(«>) p. 282. — Dttf Metamorphose der P/lamen: Goethe, sect. 78. 

(»i) p, 283. — Lindley's Elements of Botany, 

(2B) p. 283. — See the very curious experiments of C. Matteucci. 
Tradidt et extrait du ** Cimento,*' — Archives des Sciences Physiques 
et Naturelles; Queiques Experiences stir la Respiration des Planies, 
Nov. 1846. 

(^) p. 285. — Consult Rural Economy, by J. B. Boussingault ; The 
Chemical and Physiological Balance of Organic Nature, by Dumas and 
Boussingault ; and Agricultural Chemistry, by Liebig. 

(«") p. 287. —-See note, ante, 122. 

(SK) p. 29Z, — Reports of the Fauna of the JEgean: by Professor 
Forbes. — Exports of the British Association. On the Physical Con- 
ditions affecting the distribution of Life in the Sea and the Atmosphere, 
S^, : by Dr. Williams. Swansea. 

(2«) p. 295. — The Vestiges of the Natural History of Creation. 

{^) p. .295. — General Outline of the Animal Kingdom ; by Professor 
Thomas Rymer Jones, F.Z.S. 

(258) p. 301. — In addition to the memoirs already referred to. Note 
249, see Carlisle, On the battery of the Torpedo, governed by a voluntary 
muscle, — Phil. Trans., vol. xcv. p. 11. Todd, Experiments on the Tor- 
pedo of the Cape of Good Hope. — Ibid., vol. cvi. p. 120. Todd, 
Experiments on the Torpedo Electricus at La Roc?teUe, — Ibid., voL cviL 
p. 32. 

(259) p. 301. — For a concise account of these experiments see 
Elements of Natural Philosophy : by Golding Bird, A.M., M.D., &c., 
3rd Edition, chap. xx. p. 336. In this work all the most recent 
researches are given, and the authorities referred to ; see also Mat- 
teucci's interesting papers, already quoted. 
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(^) p. 301. — On the latos according to which the mixing of fluids, and 
their penetraiion into permeable substances, occurs, with special reference to 
the processes in the Human and Animal Organism, by Julius Vogel, of 
Giessen : translated for the Cayendish Society. liebig, On the Motion 
of the Juices in the Animal body, 

(*i) p. 308. — A general Outline of the Animal Kingdom ; by 
Thomas Rymer Jones, p. 64, et seq. 

(282) p. 311. — " As to the polishing and grooving of hard rocks, it 
has lately been ascertained that glaciers give rise to these effects when 
pushing forward sand, pebbles, and rocky fragments, and causing 
them to grate along the bottom. Nor can there be any doubt that 
icebergs, when they run aground on the floor of the ocean, imprint 
similax marks upon it.*' — Principles of Geology, or the modem changes 
of the Earth and its Inhabitants considered as iUustraiive of Geology : by 
Charles Lyell, M.A., r.B,.S. Travels through the Alps of Savoy, and 
other parts of the Pennine Chain, with Observations on the Phenomena 
of Glaciers : by James D. Forbes, r.R.S. 

(283) p. 314, — This may be readily proved by the following simple 
but instructiye experiment : Take two pairs of watch-glasses ; into one 
pair put a solution of nitrate of silver, into the other, a weak solution 
of iodide of potassium ; connect the silver solution of each pair with 
a iMtash one by a film of cotton, and carry a platina wire from one 
glass into the other. Place one series in sunshine, and the other in 
a dark place. After a few hours, it will be found that the little gal- 
vanic arrangement in the dark wiU exhibit, around the platina wire, 
a very pretty crystallization of metallic silver, but no such change is 
observable in the other exposed to light. If a yellow glass is inter- 
posed between the glass and the sunshine, the action proceeds as 
when in the dark. This experiment is naturally suggestive of many 
others, and it involves some most important considerations. 

(2M) p. 314. — In cases of violent death, it is often found the gastric 
juice has, in a few hours, dissolved portions of the stomach. — Dr. 
Budd's Lecture before the College of Physicians. 

(285) p. 314. — Faraday's Experimental Researches, vol. i.; from 
which a quotation has already been made, showing the enormous 
quantity of electricity which is latent in matter. 

(2«) p. 314. — On the Motion of Gases : by Professor Graham, 
F.R.S. — PhU. Trans., vol. cxxxvii. p. 673. 
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of heat by the air, 66. 

by the earth, 67. 

AcalephflB, 296 

Actinic changes on chemical compounds, 

133. 

power developed by heat, 83. 

Actinism, 126. 

inflaence of, on plants, 285. 

Actvo€ prineiptes of Newton, 31. 

Adams^ discovery of Neptune, 41. 

j£pinus on atoms, 62. 

Aerial currents, 70. 

Affinity, chemical, 203. 

Agonic lines, 181. 

Alchemists observe chloride of silver 

darkens in light. 142. 
Alchemy, natural, 219. 
Allotropie conditions, 49. 
Alternations of land and water. 257. 
Analogy of sound and light, 113. 
Ammoniacal amalgam, 245. 
Ampere's theory of magnetism, 178. 
Animal chemistry, 301. 

development, 282. 

electricity, 158, 301. 

life, phenomena of, 292. 

life, progression of, 255. 

magnetism, 198. 

Animalcula, 296. 
Aqueous pressure, 239. 
Aristotle on motion, 31. 
Articulated animals, 279. 
Artificial cold, 90. 
Artificial illumination, 128. 
Atmospheric air, composition of, 242. 

electricity, 161. 

Elements, chemical combination of, 

244. 
Atmosphere, influence of, on heat, 66. 

light absorbed by, 98. 

the, 239. 

■ ■ uses of, 240. 

Atomic theory, 206. 
Atom, properties of, 27. 
Attraction of Aggregation, 52. 
Attraction, chemical, 203. 

magnetic law of, 190. 

Aurora borealis, 110, 185. 

Barlow on magnetism, 180. 

Bartolin on refraction, 108. 

Battery, voltaic, 150. 

Beccariaon phosphorescence, 120. 

Becquerel on mineral veins, 167. 

Berzelias on catalysis, 208. 

Blood, aeration of the, 303. 

Bouguer on atmospheric absorption, 99. 

Boutigny on spheroidal state, 88. 

Brain and nerves, 299. 

Brewster, Sir D., on poles of maximum 

cold and magnetism, 184. 
Brown on transmutation, 261. 
Cagnlard de la Tour's experiments on 

heat. 87. 



Calorific force, 81. 

transparency, 64. 

Canaan, climate of, 311. 

Calotype, phenomena of, 182. 

Camera obscura. 111, 130. 

Carbon and hydrogen, 227. 

Carbonic acid, 233. 

Carboniferous plants, 256. 

Catalysis, 208. 

Cavendlsli on density of earth, 41. 

Cellini, Benvenuto, on phosphorescence, 

120. 
Cell, organic, 275. 
Cellular tissue, 278. 
Central sun, 39. 
Cephalopoda,, 255. 
Changes in organic form, 293, 
Change of physical condition?, 51. 
Chemical action, conditions of, 206. 

action producing heat, 85. 

action a source of light, 96. 

changes In the rocks, 168. 

changes produced by light, 126. 

fDrces, 199-205. 

rays separated from luminous rays, 

129. 
Chinese possessed the magnet, 175. 
Chlorine and hydrogen unite in the solar 

rays. 131. 

and iodine, 226. 

Chlorophylie, 286. 

Cholera due to organic poison, 210 

Climate, changes of; 311. 

of the earth, 267. 

Clouds, radiation from, 73. 
Coal fields of Great Britain, 257. 

formations, theory of, 235. 

Cohesion, 52. 

Cold, artificial, 90. 

Colour of luminous rays, 100. 

of bodies, 101. 

influence of, on absorption, 67. 

Coloured media, Influence of, on cheml< 
cal rays, 129. 

media, transparency of, 97. 

Combination of organized forms, 273. 
Combustion, 228. 

Commencement of organization, 278. 
Compound radicals, 217. 
Condensation producing heat, 84. 

by mixture, 49. 

Conditions, change of, 201. 

of matter, 36, 45. 

Conducting power of bodies, 148. 
Conduction of heat, 65. 
Conductors of heat, 77. 
Convection of heat, 65. 
Conversion of force, 34. 
Cotyledons, use of, 281. 
Coulomb on repulsion of atoms, 52. 
Cretaceous formations, 260 
Crosse on electro -crystallization, 168. 
Crust of the earth, 251. 
Crytaliization, 54. 
' of metals, 59. 
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CrystalUne form, 67. ^ 
Crystallizing bodies influenced by mag- 
netism, 192. 
Crystallogeny, science of, fi7. 
Crystals, diamagnetic, 190. 

of a large siie, 67. 

of water, 226. 

Cultivation, limits of, 288. , , ,^^ 
Currents, electrical, terrestrial, 162. 

aerial, 2^6. 

Curves, magnetic, 176. 
Cuvier on the pterodactyl, 269. 
Cyanlte, a magnet, 69. 
Cycles of creation, 267. 

Daguerreotype, phenomena of, 182. 
Dalton, Dr., on atomic constitution, 206. 
Dark lines of spectrum, 98. 
Daw, Sir Humphrey, on combustion, 229. 
Debris, borne by rivers, 266. 
Decomposition by electricity, 163. 
Delaroche'H experiments on heat, 80. 
Density of air, 289. 

of the earth, 41. 

of rocks, 89. 

Dependence of races, 236. 

Dew, ancient supers tition respecting, 71. 

laws of formation of, 72. 

Diamagnetism, 190. , ^„ 

Diamagnetic axis of crystals, 68. 
Diathermic and Adiathermic bodies, 81. 
Diffusion of heat, 82. 
Digestion, heat during, 86. 
Dimorpliism, 67. 
Dip of the magnet, 183. 
Directive force of magnetism, 194. 
Disease, 800, 



Disintegration of rocks. 266. 
Division of animals, 294. 

Eartii, motion of, 31. 

physical, the, 26. 

the, changed by Are, 90. 

Earth's position in solar system, 63. 

Earthquakes, 266. 

Edge of the sun, light t\mm the, 1<».„_ 

Ehrenberg on microBcoplc animals, 297. 

Elective affinity, 203. 

Electrical radiations, 141. 

telegraph, 171. ^ ,^, ^, ^ . 

Electricity, effect on crystallization, 54. 

and actinism, 186. 

diffusion of, 146. 

Electro-chemical decomposition, 163. 
Electro-culture, 166. 
Electro-magnetism, 177. 
Electrety pe, the, 169. 
Mlectruim, its electricity, 144. 
Elementary principles, 28, 47. 
Elements, distribution of, 247. 

combination of, 200. 

chemical, 201. 

forms of, 314. ^ .. , 

Elevation and depression of the earUi s 

surface. 266. 
Entity of matter, 316. 
Eocene formations, 292. 
Epicurus, hooked atoms of, 62. 
Eplpolic phenomena, 100. 
EquUibrium, aU forces tend to an, 67. 
Equinoxes, 32. 
Equivalents, chemical, 202. 
Eremacausls, 87, 305. 
Ether, luminiferous, 95. 
Expansion by heat, 81. ^ - 

Experiment on revolving mass free from 

gravitation, 42. 
Eye, structure of the, 111. 

Faraday on diamagnetic crvstals, 68. 
condenses the gases, 91. 



Faraday on constitution of matter, 51. 

on galvanic electricity. 162. 

Felspar substituted by tin, 66. 
Forro-magnetic bodies, 189. 
Ferrufflnous atmosphere, 187. 
Fish-lizard, the, 268. 
Fixed stars, light of, 96. 
Flame, 229. ^ ^ ,^ _^_ 
Flora of the ancient world, 258. 
Fluid, magnetic, 187. 
Force, a cause of motion, 86. 

produced by motion, 34. 

Forces, combining, 218. 
physical, 27. , 

combined in action, 249. 

Form, change of, 26. 

Formations, geological, 264. 

Franklin on atoms, 61. 

Frauenhofer's dark lines, 98. 

Freezing of water, 226. . 

Fruits ripened by paraihermtc ravs, 136. 

Fruit and seed due to calorific excitement, 

287. 
Fusinleri on Aurora, 187. 

Oalvanrs discovery, 150. 
Gaseous constitution, 237. 

pressure, 240. - ,«, 

Gases, magnetic character of, 191. 

rendered solid, 90. 

Generatio ceguwoca, 275. 

Geology, speculative, 251. 

Geological phenomena, 260. 

Germination, 280. 

Glacier movement. 811. 

Glasses, coloured, Influence on neat, 6*. 

Goethe on morphology, 282. 

'B theory of colour, 106. 

Gravitation, 89. .*».,.* 

Grove, decomposition of water by heat, 

82. 
Growth of plants, 281. 

progress of, 278. 

Gulielmlni on crystallization, 54. 
Gulf-stream, 71. ^«x„. -ij-i 

Gutta percha, electrical character, 147. 
Gymnotus electricus, 159. 

Hansteen on magnetism, 181. 

decomposition by, 204. 

developed by solution, 49. 

influences magnetism, 180. 

iBfluence of on plants, 283. 

and light, relations of, 63. 

Its probable sources, 62. 

radiations, 140. 

rays of the spectrum, 66. 

Heat, solar variation of, 68. 

of solar rays, 104. 

Hippopotamus, ancient, 268. 
Horseshoe magnets, 179. 
Huyghens on light. 94. 

ilon double refraction, 108. 

Hydrogen, 201. , 

HA'drogen and chlorine, phenomena of 

combination, 131. 
Hydrogen gas dissolves metals, 48. 

Ice, 225. 

Ichthyosaurus, 258. 

Identity of the electricities, 189. 

Igneous rocks, 253. 

Iguanodon, 260. 

Imponderable torces, 95. 

Incandescence, temperature of, 80. 

Infinite variety of form, 44. 

Infusoria, 296. ^ ^^ ,, 

Inorganic forms of matter, 65. 

IntelUctuclfire of Berkeley, 81. 
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Intensity of earth's magnetism, 184. 
Interchange of elements, 238. 
Interference of light, 105. 
Isomeric compoumis, so c^led, differ^ 

ences between, 217. 
Isomorphism, 57. 
Isothermic lines, 79. 

Jelly fishes, 296. 

Jones, Thos. Kyraer, on sponges, 262. 

Joule and Piayftilr on atomic volames, 

214. 
on conversion of force, 35. 

Klrchcr's magnetism, 195. 
Klrchoff on catalysis, 208. 
Kapffer's observations on magnetism. 

Lamination of clay by electricity, 168. 

Latent heat, 85. 

Lavoisier on combustion, 228. 

Laws of combination, 205. 

Law of gravitation . 40. 

Leaf, uses of the, 283. 

Llebig, on vegetable growth, 285. 

Leyden phial, 148. 

Le Verrler, discovery of Neptune, 42. 

Life, dependence of on light, 123. 

its phenomena, 304. 

Light, action of on crystallization, 58. 
~ 5" essential element for animal life, 

composition of, 100. 

emitted during crystallization, 59. 

—influences colour of natural objects, 

influence of on plants. 285. 

and heat separated, 64. 

r; magnetization of, 110. 

Light, nature of, 93. 

ordinary and extraordinary, 108. 

transmission of 99. 

----— rate of motion of, 96. 
Lightning conductors, 162. 
Lindley on morphologv, 282. 
Lines of no magnetic variation, 181. 
Llnnajiis on the kingdoms of nature, 292. 
Loadstone, character of, 176. 
Lodes, direction of, 168. 

mineral electricity of, 166. 

London, magnetic variation at, 188. 
Lumlnlferous atmosphere of the sun, 88. 
Luminous rays bleach vegetable colours, 

136. 
ri™ys produce no chemical change, 

135. 
and actinic power regarded as an- 
tagonistic forces, 134. 
LucreUtts on the magnet, 174. 

Magellanic clouds. 37. 

Magic mirrors, 142. 

^a^nesla, the country of the loadstone. 

Magnetic phenomena of crystals, 58. 
Magnetism and electricity^ conditions of. 

Magnetism, 174, 197. 

— universality of, 189. 

MagneUc storms, 186. 
Magnetization by solar ravs, 195. 
Magneto -electrical decomposition, 170. 
Mai us discovers the polarization ofllglit, 

Man, Incombustible, 89. 
Man's position in creation, 263. 
Alantell on the Igunnodon, 2(i0. 
Marlotte on vision, 112. 
Marsupial animals, 2.j9. 



Maskelyne's experiment, 41. 

Materiality of Imponderable elements, 33. 

Mattenccl, on animal electricltv^, 301. 

Matter, Influence of, on light, 122. 

universal electricity of, 147. 

Mayer's hypothesis of colour, 106. 

Mechanical movementa produce heat, 
306. 

Melloni on heat-ravs, 74. 

Metals, magnetic, 189. 

Metallic oxides, 246. 

Metamorphoses, chemical, 216. 

of animals, 297. 

Mines, temperature of, 79. 

Mineral vems, electricity of, 166. 

Miocene formations, 262. 

Mltecherllch on isomorphism, 57. 

Mixture producing heat, 85. 

Molecular change produced by solar rays, 
133. 

forces, 47. 

combination, 205. 

Molecules defined, 47. 

Monthly variation of magnetism, 183. 

Morphology, 282. 

Motion, are the forces modes of? 30. 

considered, 31. 

Multiplication of species, 307. 

Muscular contraction by galvanism, 151. 

Musical sound produced by a bar of cool- 
ing metal, 82. 

Mythological Ideas, 261. 

Naturnl mechanics, 32. 

polarization, 109. 

Nature's chemistry, 199. 
Nebula, 37. 

Neptune, dlscoverv of, 42. 
Newton on light, 94. 

on motion, 31. 

Newton's theory of colours, 104. 
Nlepce on photographv, 128. 
Nitrogen and oxygen, 241. 

Its properties, 244. 

Nocturnal radiation, 72. 
Northern lights, 186. 
Nutation of the earth's axis, 32. 

Ocean currents, 71. 

CErsted discovers electro-magnetism, 177. 

's theory of magnetism, 179. 

Oneness of creation, 313. 
Optic axes of crvstals, 58. 
Organic atoms, 274. 

chemistry, 211. 

compounds, 210. 

creation. Influence of actinism on. 

138. ' 

remains, 254. 

Organization, efliects of light on, 114. 

progress of, 294. 

Organized bodies, colour of, 102, heat of, 

86. 
Owen on the Iguanodon , 260. 
Oxidation of metals, 229. 
Oxvgen, 201. 
Oxy-hydrogen flame, heat and light of, 

Ozone, 224. 

Parathermlc ravs, 136, 287. * 

Paris and London basins, 263. 
Particles defined, 47. 
Pcarsall on electrical phosphorescence. 
120. ' 

Perkins on heat,s89. 
Perturbatio ns of Uranus, 311. 
Philip on digestion, 162. 
Phlogiston, 228. 



Digitized by VjOOQ iC 



888 



nn>c:x. 
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116. 
Phosphorescent anJmal^, 3S6. 
Photography, 129. 

Physical change by chemical action, 216. 
Phyto-chemlstry, 289. 
Plants and animals, mntual dependence 

of, 234. 
— — decompose carbonic add, 886. 

electricity of, 289. 

growth of, 281. 

distribution of, 288. 

PUutic nature of atoms , 31, 58. 

Platinum, combustion by, 231. 

Plato on motion, 31, on light, 98. 

Playfair on catalysis, 210. 

Pleslosaurus, 258. 

Pliny on the magnet, 176. 

Pliocene formations, 263. 

Plumule, formation of, 281. 

Plucker on diamagnetism. 68. 

Peroxide of hydrogen, 223. 

Polar condition of matter, 196. 

Polarity, magnetic, 176. 

Polarization of light. 107. 

Porosity of matter, 48. 

Power of matter to resist change, 133. 

Polypes, 296. 

Precession of eqnlnoxes, and magnetic 

revolotlon, 182. 
Presence, action of, 208. 
Prismatic analysis, 103. 
Proportions, chemical, 212. 
Pseudomorphism, 56. 
Psychology of flowers, 272. 
Pterodactyl, 269. 

Quantity of electricity in a compound, 
153. 

Badlant heat, 66. 

forces, law of, 100. 

Kavs of the spectrum, 103. 

Reflection of heat, 69. 

Refraction, atmospheric, 241. 

prismatic, 95. 

Reid on Philip's experiments, 162. 

Respiration of animals, 232. 

f- of plants, 234. 

Rest, absolute, impossibility of, 33. 

Revelations of nature, 309. 

Revolution of magnetic poles, 182. 

Richter on combination, 206. 

Rock formations, 2.53. 

Robinson on the action of heat on chemi- 
cal aflinitv, 82. ^^ , ^ 

Rosicruclan doctrine of heat, 92. 

Rosse, Lord, on nebulae, 38. 

Rumford, Count, on conversion of force, 
35. 

on solar action, 136. 

on gaseous decomposition by wool, 

Ac, 276. 

's experiments on heat, 83. 

Safety-lamp of Davy, 230. 
Randstone formations, 2.>7. 
Saturn's ring, 43. 
Science, advantages of, 816. 
Seasons, regulation of, 68. 
Sea, phosphorescence of, 119. 
Secondary radiations of heat, 68. 
Seed excited by actinism, 287. 
Sensation, organs of, 299. 
Sensations of plants, 290. 
Shooting stars, 36. 
Silica, substitution of, 261. 
Simple bodies, 248. 
Sirius, light of. 96. 
Skeleton crystals, 66. 



Sky, colour of, 240. ,^^ 

polarization of, 109. 

Smee on physiological phenomena, 163. 
Soil, chemical changes in the, 166. 
Solar heat, 63. ^ ^ 

Solar Influence on magnetic phenomena, 

196. 
Solar phosphori, 133. 
Solar radiations evolve electricity, 146. 
Solar svstem, motion of, 31. 
Solubility of matter, 48. ^ , , ^ 
Sound and light, analogy of, 113. 
Somerviile, Mrs., magnetizes needles by 

Ught, 194. 
Spectra of polarized light, 108. 
Spheroidal state of bodies, 88. 
Spontaneous combustion, 229. 

generation, 276. 

Stahlian hypothesis, 228. 

Strength of animals, 308. 

Substitution, laws of, 207, 216. 

Subterranean temperature, 78. 

Sulzer discovers current electricity, 150. 

Superficial formations, 263. ^ , ^. 

Superstitions of antlqultyt and of the 

East, 268. 
Surface, action of, 210. 

form of, influences climate, 267. 

constitution of, in relation to light, 

102. 

Terrestrial magnetism, 190. ^ . ,.. 

Thales discovers electricity of ami>er, 144. 

Thermo-electricity, 167. 

Thermography, 74, 140. 

Thomson on metamorphosis, 298. 

Trade winds, 71. 

Time, an element in nature's operaUons, 

250. 
Transmutation of matter, 46. 
Transparency, 97. 

deficient, 97. ^ ^^^ 

Trilobltes, remarkable, 255. ^ . , „_ 
Tropical climes, solar radiations of, 136. 

Ultimate atoms, 47. 
Undulations of light, 100. 
Undulatory theory of light, 94. 
Uranus, 41. 

Variation of the magnet, ^SVi^Pi'-^^^,.'- 
Vasco de Gama employed the mariner a 

compass, 175. 
Yegetable cell, 276. ^^ .^ _,^ 
—L. growth and electricity, 166. 

Ufe, 272. , „^„ 

Vertebrated animals, 298. 

Vision, 111. 

Vis Kj/flp, 86. .^ ,^^ 

Vitality and electricity, 162. 

Vital principle, 300. , ^^ ,^ ,., 

Vitreous and resinous electricity, 147. 

Voltaic electricity, 149. 

VolatUization of matter, 38. 

Volcanic eruptions. 265. 

Volumes, theory of, 213. 

Water, composition of, 201, 221. 

in combination, 225. 

Wave theory of heat, 65. 
Wealden formations, 260. 
Wedgwood's photography, 142. 
Wells, Dr., on dew, 72. 
Wen zell 'slaw, 206. 
Wollaston on liffht, 96. 
World, age of, 311. 

Toung on molecular forces, 53. 

Zodiacal light, 38. 
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LAKE SUPERIOR, 

ITS rHTSICAI. CHARACTER, VEGETATION, AND ANOIALS, COMPARED 
WITH OTHER AND SIBULAR REGIONS ; 

BY L. AGASSIZ. 

WITH A NARRATIYE OF THE EXPEDITION AND ILLUSTRATIONS, 

BY J. E. CABOT. 

**Th« oharteter oftheM seieiitifie labors of Prof. Agairiz if eminAHtly philoMphle 
•ad wuggewtiw j and tbe grand idea of the work is the demand for the recognition in 
nature of the agency of a personal God, as a scientific fiict, above and beyond all the 
conditions of physical cause." — Literary World. 

** A work rich and raried in matter pregnant of lofty suggestions and comprehensive 
troths. We commend it to all intelligent readers, whether scientific or otherwise, 
and whether lay or clerical." — Christian Register. 

** The results of this remarkable expedition have been carefully written out by dil^ 
ftrent mamben of the party. It is a work full of interest and instruction to aU who 
have given even the slightest attention to the Natural History of the United States, 
and will undoubtedly be regarded as one of the most important contributions which 
thii ooontry has ever made to that most fiuicinating science." — Providenee JoumdL 



PRINCIPLES OF ZOOLOGY. 

TOVCHINa THE STRUCTURE, DEVELOPMENT, DISTRIBUTION, AND NATURAL 
ABRANOBMBNT OF THE RACES OF ANIMALS, LIVING AND EX- 
TINCT} WITH NUMEROUS ILLUSTRATIONS. FOR THE 
USE OF SCHOOLS AND COLLEQES. 

PART I. — COMPARATIVE PHTSIOLOOT. 

BY L. AGASSIZ AND A, A. GOULD. 

« This book places us in possession of information half a century in advance of all 
owr elementary works on this subject. ... No work of the same dimensions has 
ever appeared in the English language containing so much new and valuable infor> 
mation.on tbe subject or which it treats." — iVqf. Jame* Hall, in the jSlbawy JounuU» 

** A work emanating fi-om so high a source hardly reqnires commendation to give it 
eotreiiey. The volume is prepared for the student in zoblogical science ; it is simple 
immI elementary in its style, full in its illustrations, comprehensive in its range, yet 
well condensed, and brought into tbe narrow compass requisite for the purpose inlecid'* 
•4.'* — mmmanU JoumaL 
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PART II. — SYSTEMATIC ZOOLOGY. 

tm WHICH TBE PRINCIPLES OF CLASSIFICATION ARE APPLIED, AND THE 

VRIHOIPAL GROUPS OF ANIMALS ARE BRIEFLY CBARACTERIIED. 
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BY HUGH MILLER. 

WITH MANY ILLUSTBATIONS. 
yBOH TEE THIBD LOITDON EDITION. WITH A MEMOUl OP TBI AUTHOX. 
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" In \t» poralj gMloffieal ehancter, the <Foot-prinU' is not Bnrpaased 1^ maj mod* 
•m work of the nme clan. In this rolume, Mr. Miller discueeee the derelopment 
hypotheelc, or the hypothesis of natnral law, as maintained by Lamarck, and by the 
anthor of the ' Vestiges of Creation,' and has subjected it, in its geological aspect, to 
the most rigorous examination. He has stripped it eren of its semblance of truth, 
and restored to the Creator, as goTomor of the universe, that power and those lone- 
tions which he was supposed to haTo resigned at its birth. * * * The earth has still 
to surrender mighty secrets, —and groat revelations are yet to issue from sepulchiBS 
of stone. It Is from the raulu to which ancient life has been consigned that tha his- 
tory of the dawn of life Is to be composed." —AbrtA British Review, 

" Scientific knowledge equally remarkable for comprehensiToness and accuracy ; a 
•tyle at all times singularly clear, vivid, and powerful, ranging at will, and without 
•flbrt, from the most natural and graceful simplicity, through the playful, the graphic, 
and the vigorous, to the impressive eloquence of great thoughts greatly expressed ; 
reasoning at once comprehensive in scope, strong in grasp, and pointedly direct in 
application, — these qualities combine to render the 'Foot-prints ' one of the most per- 
fiBCt refutations of error, and defences of truth, that ever exact science has produced." 
— #Vee Church Magaxine, 

**In Mr. Miller we have to hail the accession to geological writers of a man higUy 
qualified to advance the science. His work, to a beginner, is worth a thousand dida«* 
tic treatises.*'— £rtr R. Murchiaon'e Addreaa. 

Db. Buokland, at a meeting of the British Association, said, he had never been ao 
much astonished in his life by the powers of any man as he had been by the geological 
descriptions of Mr. Miller. That wonderful man described these objects with a fiicll- 
Ity which made him ashamed of the comparative meagreness and poverty of his own 
descriptions in the " Bridgewater Treatise," which nad cost him hours and days of 
labor. He would give his left hand to possess such powers of description as this man ; 
and if it pleased Providence to spare his useful life, he, if any one, would certainly 
*3Kider the science attractive and popular, and do equal service to theology and geol- 
ogy. It must be gratifying to Mr. Miller to hear that his discovery had been aaslgimd 
ids own name by such an eminent authority as M. Agassis, and is another proof of 
ttaa value of the meeting of the Association, that It had contributed to bring sueb a 
nan into notice. 

OOPLD, KBNDALb ft LxNOOUf, PUBLISHBaS, BOSTOV. 



Digitized by VjOOQ iC 



IN PRESS. 

THE OLD RED SANDSTONE; 

OB, 

NEW WALKS IN AN OLD FIELD. 
BY HUGH MILLER. 

VBOH THB VOVBTH LONDON EDITION — ILLUSTBATBO. 



"Th« ezceU«at and lively work of our meritorious, self-taught conntrjmui, Hb* 
Miller, is as admirable for the clearness of its descriptions, and tl^ sweetness of lUi 
composition, as for the purity and gracefulness which pervade \t."^Edinburgh Bnk 

"X geological work, small in size, unpretending in spirit and manner ; its contant^. 
the conscientious and accurate narration of fact ; its style, the beautiful simplicity of 
truth ; and altogether possessing, for a rational reader, an interest superior to that &t 
a noveL " -- Dr. J. Pye Smith. 

"This admirable work evinces talent of the highest order, a deep and healthftft 
moral feeing, a perfect command of the finest language, and a beautiful union of phi- 
kM»phy and poetry. No geologist can peruse this volume without Instructioo an4 
delight." — 8illiman*8 American Journal of Science. 

"Mr. Miller's exceedingly interesting book on this formation Is just the sort of 
work to render any subject popular. It is written in a remarkably pleasing style, ami 
contains a wonderful amount of information."— TTesfnunster Review. 

"In Mr. Miller's charming little work will be found a very graphic description of 
tha Old Bsdfishes. I know not of a more foscinating voluma on any teanch of Brit* 
isk geology." —Jfanle/i's Medah of Creation. 

(Sn BoDBBiOK MuRCHisoN, giving an account of the investigations of Mr. Miller 
spoke in the highest terms of his perseverance and ingenuity as a geologist. With 
DO other advantages than a common education, by a careful use of his means, he had 
bean able to give himself an excellent education, and to elevate himself to a position 
wMch any man, in any sphere of life, might well envy. He had seen some of his 
papers on geology, written in a style so beautiful and poetical as to throw plain gaol* 
«glBU, like himself, in the shade. 



THE POETRY OF SCIENCE; 

OB, STUDIES OF THE PHYSICAL PHENOMENA OF NATURE. 
BY ROBERT HUNT, 

▲X7TH0E OF " PANTHEA/' '' RESBARCHES OV LXOET/' ETC. 

"Wa know of no work upon science which is so well calculated to lift the mind 
from' the admiration of the wondrous works of creation to the belief in, and worship o( 
m. First Great Cause. * * * One of the most readable epitomes of the jMresont stat» 
mnd progress of science we liave yet perused." — Morning Herald^ London. 

" The design of Mr. Hunt's volume is striking and good. The subject is very aUy 
dealt with, and the object very well atuined; it displays a fund of knowiedga, and to 
tha work of an eloquent and earnest man." — IVte B s am im r, London, 

OOUUB, KbNPALL & LlWOOUf, PUBUSBUtS, BOSTOW. 
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ANNUAL OF SCIEmFIC DISCOVERY 

TEAR BOOK OF FACTS* In SCIENCE AND ART, 
JE^Mbitimg the mott important discvveritt and improveinenU in Medumic* < 



$t of Becent Scieniijie yubiicaiioM { 
Cmtuaries of Emmenl Scientific Men ; An index ofimporUmt 
PegHtn m Scienlijic JonmaU, ReporU, 4^ 

XDITU) BT 

DAVID A. WELLS, 

07 Va UiWlSllCI BODBSTinO SCHOOL, OAUBIBei, AB» 

GEORGE BLISS, Jb. 
. Ths Aukval of Sgikktific Di&oovery is designed for aU those who 
dmire to keep pace with the advancement of Science and Art The great and 
daily inereamng narober of discoveries in the different departments or scienoa 
is smch, and the annoancement of them is scattered through such a ranltitiide 
of qeciilar and scientific publications, that it is very difficult fw any one to 
obtain a satisfactory survey of them, even had he access to all these publi- 
cations. But scientific Journals, especially those of Europe, besides beinjg 
matfy of them in foreign languages, have a very limited circulation in this 
GonntiT, and are accessible to but very few. It is evident, therefore, that an 
annual publication, giving a complete and condensed view of the Progrees of 
Discovery in every braiicn of Science and Art, being, m fact, Thx Spisit of 
the Scientific Jourhals of the year, systematically arranged, so as to pro- 
sent at one view all the new discoveries and improved processes of the by- 
gone year, must be a most acceptable volume to eyerj one, and greatly facia - 
tate the diffusion of useful knowledge. As this work will be issued anuvally, 
the reading public may easily and promptly possess themselves of the moat 
important facts in these departments. 

The Editors are no situated as to have acceu to all the scientific puhU- 
cations of America, Great Britain, France, and Germany ; and have also ro- 
ceiyed, for the present volume, the approbation as well as the counsel and 
personal contributions of many of the ablest scientific men in this country, 
among whom are Profe»sok3 Aoabsiz, Hoksfori), and Wtmak, of 
Hairvard University, and they have the promise in future, from raany 
•cieutifio gentlemen, of articles not published previously elsewhere. Thej 
have not confined themselves to an examination of Sciendfic Joumaio 
and Reports, but have drawn from every fK>ni'ce which furnished any thing of 
scientific interest. For thoAe who have occasion for still further researches, 
they have famished a copious Index to the scientific articles in the American 
and European Journals ; and moreover, they have prepared a list of all books 
pertaining to science which have appeared originally, or by republication, in 
the United States, durinf^ the year. A classified list of Patents, and brief obit- 
uary notices of men distinpjaifihed in Science or Art who have recently died, 
render the work still more complete. They have also taken great pains to 
render the general index to the whole work as full and correct as pof^sible. 

It will thus be seen, that the plan of the " Annual of Scientific Dio- 
CCVERT " is well desijmed to make it what it purports to be, a mAtiantial 
wmmary of ike discoveries in Science and Art ; and no pains have been spared 
on |he part of the Editors to fulfil the design, and render it worthy of patronago. 
As the work is not intended for scientific men exclusively, but to meet the 
waqts of the general reader, it has been the aim of the editors that the articles 
should be brief and intelligible to all ; and to give authenticity, the soorco 
from whence the information is derived is generally stated. Although they 
have used all diligence to render thivS first issue as complete as possible, in its 
design and execution, yet, they hope that experience, and the promised 
aid .and CQ-operation from the many gentlemen interested in its success, will 
enable them in future to improve both on the plan and the details. 

This Work fomu a handsome dnodeclmo volume of 850 pa|^,^prioe S).00. As the 
edition is limited, all who wish to poeseis the First voums of this v^uable publicaHon 
must nuke an early appUootioa. On the reoelpt of osrs sollae, the publkheis will 
fcrward a eopy In paper oovers, by liail. post paid. 

Gould, Kerdall & Lincolk, Publibhebs, Boston. 
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ANNUAL OF SCIENTIFIC DISCOVERY. 



NOTICES OF THE PRESS. 

c'Noihliigr whteb has transpired in tbe aclentiflc world dnring the past year, seems to 
have escaped the attention of the indostrious editors. We do not hesitate to proooiinM 
the work a highly valuable one to the man of Science.** — Boston. Jowmal. 

** This is a highly valuable work. We have here brought together in a volnme of mode- 
rate size, all the leading discoveries and inventions wliich have distinguished the past 
year. Like the hand on the dial-plate, * it marks the progress of the age.^ The plan ham 
oar wannest wishes for its eminent success.^— CArs>fian Times, 

*^ A most acceptable volume.*^— TVaiuertpt. 

"The work will prove of unusual interest and value.**— 7Vai>«««r. 

•< We have in our possession the ledger of progress for 1849, exhibiting to ns in a eo&- 
denscd form, the operations of the world in some of the highest business transactions. To 
say that its execution has been worthy of its aim is praise suiBcient.'*— SiM^ii£/leM lie- 



*<To the artist, the artisan, the man of letters, it is indispensable, and the general reader 
will find in its pages much valuable material which he may look for elsewhere in vain." 
'^B .st»n HerahL 

^ We commend it as a standard book of reference and general information, by those 
who are so fortunate as to posse68 itJ"— Saturday Rambler, 

*< A body of useful knowledge, indispensable to every man who desires to keep up witb 
the progress of modem discovery and invention.** — Boston Qmrier. 

** Must be a most acceptable volume to every one, and greatly facilitate the diAisloii of 
useftil knowledge.**— Zton'tf Herald, 

** A most valuable and interesting popular work of science and BxU^^fFaskington JV*o> 
tiomal InteUigencer, 

** A rich coUeeUon of fbcts, and one which will be eagerly read. The amomit of infomur 
tion contained within its pages is very large.**— £ventn|r Oaxette, 

**Racb a key to the progress and facts of scientific discovery will be everywhere wel- 
eomod.**— JV%« York CommercieU Advertiser, 

<* A most valuable, complete, and comprehensive summary of the existing fbcts of sd* 
eooe ; it is replete with interest, and ought to have a place in every well appointed U- 
hnxy,^— Worcester Spy. 

'^ We commend it to all who wish what has Just been found out ; to all who would like 
to discover something themselves, and would be glad to know how : and to all who think 
they have invented something, and are desirous to know whether any one else has been 
before hand with them.**— Ptirttan Recorder, 

**This is one of the most valuable works which the press has brought forth during tho 
present year. A greater amount of useful and valuable information cannot be obtained 
Orom any book of the same size within our knowledge.**— Washington Union, 

"This important volume will prove one of the most acceptable to our community that 
has appeared for a long time.'* — Providence Jowmal, 

"This is a neat volume and a useful one. Such a book has long been wanted in Ameiw 
iOL It should receive a wide-spread patronage.**— &i«i»tOI« -Amoriean^ Jfom York, 

"It meets a want long felt, both among men of science and the people. No one who 
feels any interest in the intellectual progress of tbe age, no mechanic or artisan, who as 
pires to excel in his vocation, can afford to be without it. A very copious and aecurato 
index gives one all needed aid in his inquiries.**— PAi/. Christian Chronicle, 

" One of the most useful books of the day. Every page of it contains some useM In 
formation, and there will bene waste of time in its study.**— JVor/o/A Demoeral, 

"It is precisely such a work as will be hailed with pleasure by the multitude of intelll 
gent readers who desire to have, at the close of each year, a properly digested record of 
its progress in useAil knowledge. The project of the editors is an excellent one, and do* 
oenres and will command success.**- AVrCA American^ Philadelphia, 

" Truly a most valuable volume.**— CAar/0«toii {S, C.) Courier, 

** There are few works of the season whose appearance we have noticed with more sift* 
eere satisfkction than this admirable manual. The exceeding interest of the subjects to 
whieh it is devoted, as well as the remarkably thorough, patient and jndlcions manner In 
which they are handled by its skilful editors, entitle it to a warm reception by all the 
*-•— "i of solid and nsefUl learning.**— JVV» York Tribuite, 

GOCJLD» KENDALL 4c UNOOLN, PUBUSHiaiS, BOSTON. 
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THE EARTH AND MAN: 

L$thirm •» C&mpamtiM Pk^aical Oecgrapkffy m iU JMotion to the Hutortf qf JCmJUiiA 

Dt Amtou) OoroT, Prof. Pfayi. Oto. &: Hint., NouchuteL 

TVnuteUd >0m M« jVmM, by Psor.G. C. Fblton.— 7Fi£* iUiutrwiMniib 

19mo. P&ics flJ35. 



' '* TboM who have been fteeiwtonied to regaid Oeofpapby as a merely deseripthr* 
braneh of learnisf . drier than the remainder biacuit atter a voyage, will be delighted 
lo And this hitherto unattractive pursuit converted into a scionee, the principle* of 
Vhicb are definite and the reeulta eouclu«ive ; a icience that embraces the inveatig»> 
tion of oMtural lawi and interpret* their mode of operation ; which pioTeiees to dia- 
epver in tli^.' rodent forma and apptrentlv confosed arrangement of the material* eom- 
posing the jilaneU* crurtt, a new mnnifestation of the wiiidom which ha* filled tk« 
earth with it« liche*. * * * To the reader we ahall owe no apology, if we hav* 
•aid enough to excite hiv curimiity and to persuade him to look lo the book ittetf fur 
ftirthef instruction." — M'orth Anuriean Review, 

" ** The grand idea of the work i* happily expreased by the anthofr, Vhere he calls it 
the geographical march of hUtory, * * * The roan of Bcieoce will hail it a* a beanti- 
All gQnf>ralisation from the fact* of ob*ervation. The Chri«tian, who trwrt* in a mer- 
eiful Providence, will draw courage from it, and hope yet more eameetly f<»r the 
rmieniptHin uf the most d^gradifd p«irtions of mankind. Faith, acienoe, iearaing, 
poetry, teMte, in a word, genius, have liberally contributed to the production of tlM 
wikrk under review. Homftiines we feel a* if we were studying a treatise oo tho 
^xact Mienco* ; at others, it strikes the ear like an epic puem. Now it read* liko 
hii*tory, and imw it sounds like prophecy. It will find reader* in whatever language 
It may be publi)>ht<d ; >iod in -he elejfnnt English dress which it ha* received from tho 
tecoiiipliithed pen of the trnnvhitor, it will not fnil to intere*t, instruct and inspire. 

Wh coiigrntulato tho lover* of history and of physical ideograph y, a* well a* all 
tkoiW who are interested in the growth and expansion of our common edocatioo, that 
Pror. Ouyot c«>nt«-inplateB tho publication of u seriog of elementary work* oo Physical 
Oeitgriiphy, in winch these two great brunches of ftudy which God has so clotely 
joiiitid toi^ether, will not, we truxt, be put asunder." — Christian Examtnar. 
' ** A copy of thiit volume reached a* at too late an hour for an extended notioe. Tho 
wnik \* onf^ of high merit, exhibiting a wide range of knowledge, great research, and 
9 philoitophiciil spirit ol investig ition. It* perusnl will well repay the moat learned 
in «ucti s(il)jeRt*, >ind give n<4w views to all, of man's relation to the globe he inhabits.** 
SilUtnan^a Ji/urnal July. 1{<49. 

*' These it-ctures foiro one of the most valuable contributions to geographical science 
thnt hue ever been puhli^hed in this country. They invest the study of geography 
^iih an interHAt which will, we (iouht not, surprise and delight many. They wiu 
op'>n an entire new world to most reHtiers, and will be found an invaluable aid to tho 
tcHchiti and student • f jjeogniphy." — Evening TYaveUer, 

** We vi-niurc to pronounce this one of the most interesting and inatroctiva hooka 
yvhich htve c me from the Araericivn pre«»ii for many a month. The acien'teof which 
LI uenis ij« compiirniively tif recent origin, hut it is of great import'ince, not only oa 
account of itx conueciiona with othf'r bnnrhes of knowledge, hot for it« bearing upon 
^Miny of the interests of society. In iheso lectures it i." relieved of stntistical detail*, 
and pie»eiit-d only in its grandest fentures. It thus not only places betbre us moef 
instructive facts relating to the condition of the eaiih, but also awaken* within a* a 
stronger sympathy with the beings that inhnhit it, and a profouhdei reverence for tho 
beneficent Cr^ ntor who formed it, and of whose character it is a manife*tation and 
^xpiession. They abound with the richest interest and instruction to every intellt- 
gei.-. rt'pder, >ina etipecinlly fitted to awaken enthuaiaam and delight in all Who aro 
2t>voied .. tlie siuiiy either of natural science or the history of m<inkind.*'—iVevtdea«« 
Journal, 

, '* Keogrriphy is here presented under a new and attractive phase ; it i* no longer a 
drv description ot the features of tho earth's surface. The influence of soil *cenery 
and ciinmte upon clmrtictf>r, has not yet receive<1 the con»iderntion due to it from hi*- 
lorinn** and philosi'pher^. in the voluint^ hefore us tho profound invcMtigntions of Ham- 
hiiMt, Kitter and oth>'r<<, in Fh>!«ical Gfosraphy, are presented in a |)opular form, and 
with tlie fl-'iirne-ss and vivacity so ch'vrtcieristic of French tie^itise!* on science, Tha 
work should be introduced into our higher schools." — The Iiidepeiidentt A*eto Toriu 

. ** Geosrnphy is here made to luisunie a dignity, not heretofore attached to it. Tho 
knowledge coinmui)ioiit*Hl iu these Lectures is curious, unexpected, abaorbing."' 
/UhristMH Mirror, Portland. , 

' Gould, Kendall & Lincoln, Publishsrs, Boston. 
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CONTRIBUTIONS TO THEOLOGICAL SCIENG4I. 

BT JOHN HARRIS, B. B. 



I. THE PRE-ADAMITE EARTH. 

KOTICES OP THE PRESS. 
** As ire hftTe examined erery page of this work, and put forth our best efforts to un- 
derstand the fall import of its Tari^ and rich details, the resistless impression has corn* 
OTer our' spirits, that the respected author has been assisted flrom on high in his labo- 
rious, but successful undertaking. Hay it please God yet to aid and uphold Iiim, to 
complete his whole derign ; for we can now see. if we mistake not, that there is great 
unity as well as originality and beauty in the object which he Is aiming to accomplish. 
If we do not greatly mistake, this long looked for volume, will create and sustain a 
6pep impression in the more intellectual circles of the religious world." — London Evan- 
gkhctd Magazine. 

. " The man who finds his element among great thoughts, and is not aftatd to push 
into the remoter regions of abstract truth, be he philosopher or theologian, or both, 
idll read it over and over, and will find his intellect quickened, as if ftom being in con- 
tact with a new and glorious creation." — Albany Argus. 

■ " Dr. Harris states in a lucid, succinct, and often highly eloquent manner, all the 
leading ftcts of geology, and tlieir beautiful harmony with the teachings of Scrip- 
ture. As a work of paleontology in its relation to Scripture, it will be one of the moat 
complete and popular extant. It evinoes great research, clear and ri^d reasoning, and 
a'style more condensed and beautiful than is usually found in a work so profound. 
It will be an iniralnable contribution to Biblical Science."— iVeir York BhHingeUst. 

" He is a sound logician and lucid reasoner, getting nearer to the groundwork of a 
mibject generally, supposed to have very uncertain data, than any other writer within 
our knowledge." — New York Com. Advertiser. 

'** The elements of things, the laws of organic nature, and those especially &at lie at 
the foundation of the divine relations to man, are here dwelt upon in a masterly man- 
B«r."— CKmtum R^xtoTy Boston, 

II. MAN PRIMEVAL; 

OE THB OONSTITnnON AND PRDflTiyE CONDITION 01* THE HUMAN BEINe. 

WITH A FIHX POBTRAIT OF THE AUTHOB. 
NOTI0B8 OF THB PRESS. 

"It surpasses in interest its predecessor. It is an able attempt to carry out the 
author's grand conception. EDs purpose is to unlbld, as fitr as possible, the successiTe 
steps by which Ood is accomplishing his purpose to manifest His AU-sufiBcieney. * * • 
The reader is led alon^ a pathway, abounding with rich and valuable thought, going 
on from the author's opening propositions to their complete demonstration. To stu- 
dents of mental and moral science, it will be a valuable contribution, and will assuredly 
secure their attention." — Christian Chronicle, Pkiiadetphia. 

" It is eminently philosophical, and at the same rime glowing and eloquent. It can- 
not fiiil to have a wide circle of readers, or to repay richly the hours which are given 
fo its pi^es."— iVuto York Recorder. 

/* The reputation of the author of this volume is co-extensive with the English lan- 
guage. The work before us manifests much learning and metaphysical acumen. Its 
great recommendation is, its power to cause the reader to think and reflect." — Boston 
Rscorder, ^ 

" Reverently recognizing the Bible as the fountain and exponent of tnUh^ he is as in- 
dependent and fearless as he is original and forcible ; and he adds to these qualities 
consummate skill in argument and elegance of diction." — N. Y. Com. Advertiser. 

'* His copious and beautiful illustradons of the successive laws of the Divine Ifani- 
fcstation, have yielded us inexpressible delight."— Lon//on Eclectic Review. 

" The distribution and arrangement of thought in this volume, are such as to afford 
ample scope for the author's remarkable powers of analysis and illustration. In look- 
ing with a keen and searching eye at the principles which regulate the conduct of God 
towards man, as the intelligent inhabitant of this lower world, Dr. Harris has laid down 
for himself three distinct, but connected views of the Divine procedure : First, The End 
aimed at by Ood ; Second, the Reasons for the employment of it. In a very masterly 
way does our author grapple with almost every difficulty, and perplexing subject which 
comes within the range of his proposed inquiry into the constitution and condition 
of Man Primeval." — London Evangelical Hilary. 

III. THE FAMILY; 

ITS CONSTITUTION, PROBATION AND HISTOST. 

[19 PBSPABATION.] 
OOULD, KENDALL AND LINCOLN, PUBLISHERS, BOSTON* 
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CHAMBERS'S 

cyclopj:dia of English literature. 

4 taLaoTioir or rnu choiomt rftODVonoir* or siroLraH aotrobs, raoif no 

■ABMStT TO TMB rmSSBlTT TIMB : CONIVSCTSO BT A CUTICAI. 
AICO BIOOKArKICAL HIBTOBT. 

EDITED BY ROBERT CHAMBERS. 

AMIITBO BT BOBBBT CAKKCTHBM AWD OTHBB XMIirBlfT OEirTLXmir. 

€U>mplete in two imperial octavo volvmea, of more than fourteen 

kmndred pagea of double column ktterpresej and tgnoarde of 

three hundred elegant Uluetratione. 



Tkia MlvoUf w&fk ku mem heemes n gaurmUg buwn emd effrttAatedj that there tued 
eeeredf ke mmg Utnf 9aid m ciwiwrftfioii, oc^C te tkam who June not yet Men. iu 

Tk* werk emhraus ebont One Tkmuamd Auikon, ekronologicaU.^ arranged end daetei 
e» Peetet Hieterianet DrmmatietSf PkUoeophere, JHetapkffeieiane, DurineSf etc, with ekmee 
etUetionefirem their writinge, connected by a BiegraphieoLt Hiatorieal, and Cniical M'arre^- 
Usee t thne preeenting c eaweplete mem qf EngUeh UUratare^frvm. the earUeet ta thepreeemt 
Utme. I^ the r$ader open where he wiU, he cannot faatajnd matter ferpr«ffit and delight^ 
uh ith f/or the ntoet part, too, rej^eated pemeale will only eerve to mahe Aim einoy the more. 
We have indeed ti^/iju(« riehee m a little rooau JVo one, who hae a taste for hteraime^ 
ehomld allow himee^,for a trifiing eonaideration, to be without a work which tkreme »o 
mneh Ught upon the frogreee tfthe EngUeh language, Theeeleetiane aregeme — a euue 
efvelnMe utferm^um in a eondeneed and eU^aUfarm, 

EXTBACTS FROM COMMElfDATO&T NOTICES. - 

From W, H. Preecott, Jiuthor of " Ferdinand and leabeOa." " The plaa of tlie woilc 
U very judieioiu. * * It will put the reader io the proper point of view, for aanrey* 
inf th«> whole fronnd over which he ie travelling. * * Such readers eanoot Ikil to 
pruoi largely by the labors of th« critic who has the talent and taste to separate wiiaf 
IS really beautiful and worthy of their study from what is iuperfluoos.** 

*< I concur in tbe foregoing opinion of Mr. Prescott." — Eldward Sverelt, 

" It will be a useful and popular work, indispensable to the library of a Btodeiit of 
English literature." — F^randa Wayland, 

** We hail with peculiar pleasure the appearance of this work, and more especiaOf 
its republication in this eoantry at a price whteh places it within the readi of a groal 
number of readers.** — JVbrCA JSimeriean Review, 

** This it tbe most valuable and magnificent contribution to a sound popular litera- 
ture that this century has brought fortli. It fills a place which was before a blank. 
Without it, English literature, to almost all of onr countrymen, educated or nnedu- 
cated, is au imperfect, broken, disjointed mass. Much that is beautiful — the moat 
perfect and graceful portioqs, undoubtedly — was already possessed ; but it was not 
a whole. Every intelligent man, every inquiring mind, every scholar, felt that tho 
foundation was missing. Chambers's Cyclopedia supplies this radical defect. It bo- 
gins with the beginning ; and, step by step, gives to every one who has the intellect or 
taste to enjov it a view of English literature in all its complete, beautiful, and perfect 
proportions.** — Onondaga Democrat, JV. Y. 

** We hope that teachers will avail themselves of an early opportunity to obtain a 
work so well calculated to impart useful knowledge, with the pleasures and omamenta 
of the English clMsics. The work will undoubtedly find a place in our district and 
other public libraries; yet it should be the *vade mecum* of every scholar.*'— 
T^eaehere* Mvocate, Syracuse, Ji". Y. 

** The work is finely conceived to meet a popular want, is full of literary instruetion, 
and is variously embellished with engravings illustrative of English antiquities, hia- 
torv, and biography. Ti^9 typography throughout is beautifuL"— CAristiois Ri^leeter^ 
Beaton, 

** The design has been well executed by the selection and concentration of some <^ 
the best productions of English intellect, from the earliest Anglo-Saxon writers down 
to those of the present day. No one can give a glance at the work without being 
•truck with its beauty and cheapness.'* — Boston Courier, 

" We should be glad if any thing we can say would favor this design. The elenaoe 
of tho execution feasts the eve with beauty, and the whole is suited to refine and ele- 
vate tbe taste. And we might ask, who can fail to go back to its beginning, and trace 
his mother-tongue from its rude infancy to its present maturity, elegance, and rtchnets ? " 
Oirietian Mirror, Portland. 

•,* The Publithera of the AMERICAN Edition of this ralakUe woifc derira to state that, bnidca (to 
mrmeieiw pidorial illustrations in th« Enrlish Edition, ili«r hare greatly eBiiebed tlw work by the additioa 
U Ine BiMl and inexsotint enfiaTitin of the heads of Shak'speare, Addison, Brron : a AiU kncth poftnll 
■f Dr. Johnson, and a beaittitui seenw representation of Oliver Ooldsmiih and Dr. Johnson. These impa»> 

laot and elegant additions, together with superior paper and binding, must pre this a decided f ~'~ 

•vsr aU other editions. 

Gould, Kxndall, & LiMoour, Publishers, Boston. 
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CLA8SZ0AI. fTUDIB». 

ESSAYS ON 

ANCIENT LITERATURE AND ART. 

With the Biography and Correspondenct of JEmnent Philoiogitti, 

By BAfUTAS Sears, President of Newton Theol. Institution, B. B. 

Edwabos, Prof. Andover Tbeoi. Seminary, and C. C. FsLTOM, 

Prof. Harvard University. 12mo. Price $1.25. 

SECOND THOUBAKD. 

** The collection is a moet attractive one, and would be acceptable in any elreoi»' 
stances. The dincourses, particularly those of Jacobs, are written in words that Karn. 
A general could not exhort his troops with more energy and spirit, than are ascil 
by the German Professor in stimulating the youth before him to labor in the acqui- 
aitaon «f classical learning. The biographical portions of the book, naturally less 
•zesting, no less tend to the same end."— Zondon liU ExamiMrt ky John FOrtter, JSsfk 

** This elegant book is worthy of a qiore extended notice than our limits at present 
will permit us to give it. Great labor and care have been bestowed upon its typo- 
gmphical execution, which does honor to the American press. It is one of the rare 
beauiies of the page, that not a word is divided at the end of a line. The mechanical 
part of the work, however, is its least praise. It is unique in its character — standing 
alone among the innumerable books of this book-making age. The authors well 
deserve the thanks of the cultivated and disciplined portion of the communitv, for the 
•eiviue which, by this publication, they have done to the cause of letters. The book 
is of a high order, and worthy of the attentive perusal of every scholar. It is a noble 
monument to the taste, and judgment, and sound learning of the projectors, and will 

Eit-M, we doubt not, a rich harvest of fame to themselves, and of benefit to our 
teratuve.*'— CArisCioM Review. 

" It is refreshing, truly, to sit down with such a book as this. When the press Is 
teeming with the hasty works of authors and publishers. It is a tr^at to take up a book 
that is an honor, at once, to the arts and the literature ot oar country."— <JV\n0 York 
Observer, 

" This is truly an elegant volume, both in respect to its literary and its mechanical 
execution. lu typographical appearance is an honor to the American press ; and with 
equal truth it may be said, that the intrinsic character of the woik is highlv credit* 
able to the age. It is a novel work, and may be called a plea for classical learning. 
To scholars it most i^e a treat i and to students we heartily commend it." — BoeUm 



. ** This volume is no common-place production. It is truly reftoshing* woen we are 
obliged, from week to week, to hwk through the mass4>f books which increases upon 
our table, many wf which are extremely attenuated in thought and jejune in style, to 
find something which carries us back to the pure and invigorating influence of the 
roaster minds of antiquity. The gentlemen who have produced this volume deserve 
the cordial thanks of the literary woiid."— JVsw Emgiand Fwittm, 

<* We heartily welcome this book as admirably adapted to effect a most noble an4 
vach desired result. Wo commend the work lo general attention, for we feel sure it 
must do much to awaken a zeal for classical studies, as the surest means of attaining 
the refinement and graceful dignity which should mark the strength of every nation."— 
A*cao York TribuMe. 

^ We make no classical pretensions, or we might say more about the principal 
articles in this volume ; but it needs no such pretensions to commend, as we heartily 
do, a book so full of interest and instruction as (he present, for every reader who is at 
all imbued with a love of literature."— Soiem Qatetle, 

** This book will do good in oar colleges. Every student will want a eopy, and 
many will be stimulated bv iu perusal to a more vigorous and enihusinstie pursuit of 
that higher and more solid learning which alone deiterves to be called * classical.' 
The recent tendencies heve tieen to the neglect of this, and we rejoice in this timely 
effort of minds so well qualified for such a work."— Cftrisetax RrjUnor, 
. " The volume is, in every way, a beautiful affair of its kind, and we hasard nothing 
In recommending it to the literary world.' — drisCrsM Sseretory, HarlfML 

** The desiijn is a noble and generous one, and has been executed with a taste and 
good sense, that do honor both to the writers and the pu'ulishe<s."— Frev. JewmaL 
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REPUBLICAN CHRISTIANITY: 

OR TRUE LIBERTY; 

Am EMbiUd in Ae Life, Prec^pU, mnd Early Dit6iple» of iKe Great Sedeemer, 

By E. L. Magoom. 

12mo. Price $1.25. 

** It is adapted to the spirit of the times. It meeti and answers the great 
inquiry of the present day. It describes clearly the corraptions- of past 
times, the imperfections of the present, and the changes that must be 
effected in the forms and spirit or religion, and through religion npon the 
State, to secure to us better and brighter prospects tor the future. The 
author is not afraid to expose and condemn the errors and corruptions^ 
either of the Church or State."— Chrigtian Watchman. 

^ Mr. M. has at his command a rich store of learning, from which he sldl- 
fully draws abundant evidence for the support of the positions he assumes.** 
Boeton Recorder, 

^ It is a very readable, and we think will prove a useful book. The ar- 
gument is clear and well sustained, and the style bold and direct The 
tone and spirit of the entire work are that of an independent thinker, and 
of a man whose sympathies are with the many and not vrith the few, with 
no privileged class, but with the human race. We commend this book to 
all lovers of true liberty and of a pure Christianity." — Providence JottmaL 

**' Mr. Magoon is known as one of the most slowing and impressive orators 
among the Baptist Clergy. He thinks boldly and speaks frankly, and 
witli a variety and freshness of illustration that never fail to command 
attention." — JViw York Tribune, 

** He considers Christianity in all its parts as essentially republican. He 
has maintained his position with great tact. He abounds in illustrations 
which are often exceedingly beautiful and forcible. All the peculiarities 
of his style appear in this new work, which will generally be regarded as 
the best that ne has produced. It is a clear, striking, attractive, presenta- 
tion of his views ana the reasons for them. It will excite attention, both 
from the sul^ect itself and from the manner in which it is handled.*' 
Philadelphia Chronicle, 

*' This book is one which the masses will read with avidity, and its pe- 
rusal, we think, will fire up the zeal of some Christian 8cholar$.** — BqpM 
Memorial. 

PROVERBS FOR THE PEOPLE: 

Or J lUuetrations of Practical Godliness drawn from the Book of Wiadonu 

BY E. L. MAGOON. 

ISmo. Price 90 ctnU. 

'* He is quaint, sententious,— he has indeed the three great qualities, *pith, 
point and pathos,* — and always enforces liigh and noble sentiments." — 
^^«tt; York Recorder. 

'^ It is a popular manual of great practical utility." — Ch. ChromcJe PhUa, 

** The subjects are so selected as to embrace nearly all the practical duties 
of life. The work, in consequence of this peculiar character, will be found 
extensively usefuL" — Rochester Democrat, 

** The work abounds with original and pithy matter, well adapted to en- 
gnge the attention and to reform the life. We hope these discourses will ba 
extensively read." — Morning Star, Dover. 

" Ii is an excellent book for voung people, and especially for young men, 
amidst the temptations of busmess and pleasure." — Albany Eacpress, 
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WAYLAND'S UNIVERSITY SERMONS. 

SERMONS DELIVERED IN BROWN UNIVERSITY. 

By Fbancis Wayland, D. D. 

Second Edition. ISmo. Price $1.00. 



'* Few sermons contain so much carefully arranged thought as these by 
Dr. Wayland. The thorough logician is apparent throughout the volumei. 
and there is a classic purity in the diction unsurpassed by any writer, ana 
equalled by very few." — New York Oommerdal Advertiter. 

** They are the careful production of a matured and powerful intellect, 
and were addressed to a thinking and well-informed audience, and are 
especially adapted for the educated and thoughtful man." — Chr^ MUance, 

" No thinking man can open to any portion of it without finding his atten 
lion strongly arrested, and feeling inclined to yield his assent to those self 
evincing statements which appear on every page. Ab a writer, Dr. Way- 
land is distinguished by simplicity, strength and comprehensiveness. He 
addresses himself directly to the intellect more than to the imagination, to 
the conscience more than to the passions. Yet, through the intellect and 
the conscience, he often reaches the depths of our emotive nature, and 
rouses it by words of power. We commend these sermons to all students 
of moral and religious truth, to all lovers of sound thought conveyed in 
elegant diction." — Watchman 4" Hejlecior, 

** The discourses contained in this handsome volume are characterized by 
all tliat richness of thought and elegance of lan^age for which their tal- 
ented author is celebrated. The whole volume is well worthy of the pen 
of the distinguished scholar and divine from whom it emanates.—* 
2>r. Baird^t Ckriidan Dhion, 



SACRED RHETORIC: 

OTf Com^oaiiion and Ddwary of Sermona. 

Bt Hesrt J. RiPLET, Prof, in Newton Theological Institution. 

Jbuihtdimf^ Waks*s Hints onr Extsmfokambous Pbsaohiico. 

13mo. Price 75 Cents. 

" An admirably prepared work, clear and succinct in it« positions and 
recommendations, soundly based on good authority, and well supported by 
a variety of reading and illustrations. It is well adapted for a healthy dis« 
cipline of the faculty, and there are few preachers who might not with profit 
revise their practice by its pages. It is worthy, too, of being a companion 
to Whately, in the general study of Rhetoric." — N. 7. Literary World. 

** Prof. Ripley possesses the highest qualifications for a work of this 
kind. His position has given him great experience in the peculiar wants 
of theological students." — Providence Journal 

** His canons on selecting texts, stating the proposition, collecting and 
Arranging materials, style, delivery, etc., are just and well stated. Every 
theological student to whom this volume is accessible, will be likely to 
procure it. — Christian Mirror j Portland, 

" This work belongs among the substantials of our literature. It is man- 
ifestly the fruit of mature thought and large observation ; it is pervaded 
by a manly tone, and abounds injudicious counsels; it is compactly writ- 
ten and a(unirablv arranged, both for study and reference. It will become 
a text book for theological students, we have no doubt ; — that it deserves 
to be read by all ministers who can avail themselves of it, and especially 
by all young minlfiters, is to us as clear. — N, 7. Recorder. 
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HISTORY OF 

AMERICAN BAPTIST MISSIONS, 

IN ASIA, AFRICA, EUROPE, AND NORTH AMERICA. 

BY WILLIAM 6AMMELL, H. A 

With Seven Mapt, 12mo. Price Seoeniy-Jhe Cenie, 

SIXTH THOUSAND. 

The imbllihen hare been ftivored with the following highlj commeDdatonrletten 
from thoee who are the beet judgee of the accuracy of the work, namely, the naie- 
■ionariee themselvea, who have been long in the field, and are presumed to be better 
acquainted with the subject than other individuals. 
" Their nneqiiivocal testimony to the fidelity of the work must be ^tifyinc to 
•reiy well-wisher of the cause, and commend it to the attention of all interested in 
(Ms subject. 

Since the return of Messrs. Osgood and Vinton, they have been serving the inter- 
•Ha of the Board in various parts of the country, and have also in connection witih 
flieir agency taken much interest in the circulation of tiie History, deeming it an 
•IBeieBt instrument in promoiing their benevolent designs. 

[From Eev. J. H. Vinton, of the Maulmain and Karen Mission.] 

I am «o much interested lo the circulation of Prof. Garomell's History of MlasioiM. 
that I am resolved to give away every fifth copy. I cannot afibrd to make any 
HOflt in the sale of such a work. It is, as a whole, the most reliable History of 
he missions I have ever read, and could it be fmt in the bands of every man in the 
ienomination, able to pay for it, you m-^ht then almost dispense with all other agen- 
cies, except the Magazine and Mar.edonian, which would still be needed, as a con- 
tinuation of the History so well begun. 

[From Rev. S. M. Osgood, of the Bunnan Mission.] 

Accompanying is an order for one hundred and fifty copies of Proil Gammell'a 
Histcwy of American Baptist Missions. I read this History with areat interest 
Immediately after its publication, and having been for more than twelve yeaxa con- 
nected with the Mission in Burmab, am happy to he able to bear decided testimony 
to its authenticity, so far as my observation extends. I am also highly gratified 
with its adaptation to the wants of the demmiination fn this depaitment of litera- 
ture. We have long needed Just such a work — a work not only intrinsically val- 
uable as a History, but written in a style sufficiently attractive to insure its being 
read, not only by oastors, but by the members of our (church and friends of Mis- 
sions, young and old. I am happy to be able to say, that within the circle of my 
acquaintance, the History meets with general favor, and I sincerely hope that ita 
circulation may be greatly extended. I have already disposed of nearly four hun- 
dred and fifty copies, and shall continue to interest myself in its circulation. 

[From Rev. E. Kincaid.] 

As I have labored more or less at all the stations in Burmah, not only at Rangona 
and Ava, but also in the Tenasserim and Arracan proxinces, I could not but ad- 
mire the sin^nilar accuracy with which all the leading facts of these Misaiona 
are detailed in Prof. 6ammell*s History of American Baptist Missions, f have not 
fiMind a single error of any importance. I hope our religious papers will not fall 
to let this work be known among the churches. It furnishes the information ao 
much needed. 

[From the Rev. J. Wade, of the Burman Mission.] ^ 

So far as I have examined Gammeirs History, I can most cordially recoromead 
It to the public as being a veiy truthful and well' written work. 

Availing myself of occasional opportunities to peruse it, I selected those chapten 
which treat of the Missions with which I am personally acquainted, and was delight- 
ed to find nothing on which the reader might not rely as being substantially cotrecc 
I consider it an excellent work. 

9^ A liberal discount made by the dozen or hundred copies to those who engafv 
in its circulation. 

0017I.D, KVirSAZ.!., it LiHCOLN, 50 WAaHINOTON STKXXT, BOITOIT. 
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GOULD, KENDALL AND LINCOLN'S FUBLXOATIONS. 

out Edges and Beantifullf Ornamented Covers. Price 31X Oents Each. 

DAILY MANNA for Christian Pilgrims. Containing a text of Scrip- 
ture for eacli day in the year, with an analysis of its contents, and a 
verse of poetry. By Rev. Baron Stow. 

•* A perfect gem of a book, and full of gems trom the mine that jieldi the pureft anl 
brighteat that axe found in the world.** — Jf, Y. Obterver, 

THE ATTRACTIONS OF HEAVEN. Edited by Eev. H. A. 
Graves. 

THE YOUNG COMMUNICANT. An Aid to the Right Understanding 
and Spiritual Improvement of the Lord's Supper. 

THE ACTIVE CHRISTIAN. From the Writings of John Harris, D.D. 

THE BIBLE AND THE CLOSET: Or, how we may read the 
Scriptures with the most spiritual profit. By T. Watson. And Secret 
Prayer successfully managed. By S. Lee. Edited by Rev. J. 0. Choules. 

THE MARRIAGE RINQy or how to make Home Happy. From the 
writings of J. A. James. 

** It i« a precious little work, calculated alike to improre the morala and promote the 
happiness of the domestic hearth.** — Southern Whig. 

LYRIC GEMS. A Collection of Original and Select Sacred Poetry. 
Edited by Rev. S. F. Smith. 

** It Is appropriately named * Gems,*— not the least hrtlliaat of which are the oontributtoae 
of the editor himself.** — Christian Reflector, 

THE CASKET OF JEWELS, for Young Christians. By jAMsa, 
Edwards, and Harris. 

THE CYPRESS WREATH. A Book of Consolation for those who 
Mourn. Edited bv Rev. R. W. Griswold. 

** This Is a most beautiful and judicious selection of prose and poetry, flrom the most poo* 
nlar authors, interspersed with select passages from Scripture.** 

THE MOURNER'S CHAPLET. An offering of Sympathy for Bereave 
ed Friends. Selected from American Poets. Edited by John Kkese. 

THE FAMILY CIRCLE. Its Affections and Pleasures. Edited by H. 
A. Graves. 

THE FAMILY ALTAR. Or the Duty, Bencfite, and Mode of Con- 
ducting Family Worship. 

BeU of the abovty put up in neat boxes, andfortamff a bemiHful ** MtniaitMrt 
Xibrary" m 12 Vciumes. Price, $3.76. 

THE SILENT COMFORTER. A Companion for the Sick Room, by 
Mrs. Louisa Payson Hopkins. 

GOLDEN GEMS ; for the Christian. Selected fVom the writings of Rev. 
John Flavel, with a Memoir of the Author, by Rev. Joseph Baityabd. 

DOUBLE MINIATURES. PaicK 60 Cents Each. 
TH E WEDDI NG Gl FT : Or, the Duties and Pleasures of Domestic Life. 
THE YOUNG CHRISTIAN'S GUIDE to the Doctrines and Duties of 

a Religious Life. 
THE MOURNER COMFORTED. 
THE CHRISTIAN'S PRIVATE COMPANION. 
CONSOLATION FOR THE AFFLICTED. 
THE SILENT COMFORTER. DAILY DUTIES. 
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OOVLD, KBXDALL AHD UllCOLV*a PUBUGATIOlia. 



i^gmn B^^k$. 



THE P8ALMI8T: A New Collection of Hymns, for the use of the 
Baptist Oburches. By Bauoh Stow and S. F. smith. 

Assisted by W. B. Williams, Geo. B. Ide, R. W. Griswold, S. P. Hill, 
J. B. Taylor, J. L. Dogg, W. X. BrauUy, B. B. C. Howell, Samuel W. 
Lynd and John M. Peck. 

Pulpit edition, 12 mo., sheep, Price 1.25. Pew edition, 18mo., 75 cts. 
Pocket edition, 82mo., 56^ cts. — All the different sizes supplied iu 
extra styles of binding at corresponding prices. 

%* This work it maj be mU, baa beeom* thk book of the Baptist denomination, hvvinf 
batn introdueed ezmuiTC^ into aveiy State in the Union, and the Biitiah proTinoea. Aa 
a collection of hjinns it itandi nnrivalled. 

The united tevtiraonj of paston of the Baptiit ehnrchee in Boeton and ▼icinity. In New 
York, and in Philadelphia, of the most decided and flattering character, has been giren in 
fiivor of the book. Alao, by the FkofeMon in Hamilton Uteraiy and Theological Inatitntlon, 
and the Newton Theological InstitaUon. The tame, also, hat been done by a great numbar 
of deigjrmen, churehei, Anodationa, and Conventions, in every State ofthe Union. 
THE PSALMIST, WITH A SUPPLEMENT, by Bichabd Fuu^B, 
of Baltimore, and J. B. Jetkr, of Richmond. (Prices same as above.) 

•.'This work contains nearij thirteen hundred AymiM, original and selected, b/ ITS 
wiitert, besides pieces credited to llftj-flve collections of hymns or other works, the anthor- 
■hip of which is unknown. For^-flve are anonymous, being traced neither to authors n«c 
collections. 

Tria SuppLKMBNT, occupying the place of the Chants, which In many sections of th* 
country are seldom used, was undertaken by Bev. Messrs. Fuller and Jeter, at the solicita- 
tion of friends at the South. 

■* The Psalmist contains a copious supply of excellent hrmns for the pulpit We are 
acquainted with no collection of hymns combining, ic an equal degree, poetic merit, evangeli- 
cal sentiment, and a rich variety of subjects, with a happy adaptation to pulpit services. 
Old aongB, like old friends, are more valuable than new ones. A number of the hymns best 
known, most valued, and most frequently sung In the Sooth, are not found in the PsalmisL 
"Without them, no hymn book, whatever may be its excellences, is likely to become gener- 
ally or permaneutiy popular in that region." — Fr^'ace. 

COMPANION FOR THE PSALMIST. Containing Orijrinal Mn«ic. 
Arranged for hymns in ' The Psalmist,* of peculiflr cliaracter und uieu-e. 
By N. D. Gould. Price 12K cents. 

THE SOCIAL PSALMIST. A New Selection of Hymns for Ck>ii* 
ference Meetings and Family Worship. By Ba&on Stow and S. F. 
Smith. 

*' Thb tfieetion has been in pKOAratlon nearly five years, during which time it ha* been subjected 
to repeated exaininatio'i and carelul revision. The ob)f(X in iu prepareUon has been to furaiah a 
selection of choice hymns for the veairy and the ftimily circle, of modenite size, and at trifling expense, 
ezaeiiy suited to the various stages and conditions of the eonfeivnce, and other devotional meettnga 
usually hfid in the conierence njom, aa well as in iamily wonhip.'* 

it !■ printed on good pnp<;r, and strongly bound in sheep, and is afforded at the very low prioe vi 
9B cenU per copy, and $2 50 per doaeu. 

THE CHRISTIAN MELODIST. A Collection of Hymns for So- 
cial and Religious Worship. By Rey. J. Banvabd. 

The worlr contains 600 hymns, and each hymn has tlie name of an appropriate tune prefixed. Tha 
notes of these tunes, occupying more limn sixty pages, are in«erted at the end of the volume. 

There is a copious variety of tiymns, adapted to all the regular and Ute occasional meetings of tiia 
ehareh, printed in large, open type, lo as to be easily read. Price 87 I-3 cenU. $4 00 per doson. 

WINCHELL'S WATTS. WATTS AND RIPPON. 
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GOULD, KBin>ALL Ain> LtNCOLN*8 PUBLICATtOirS. 

THE FOUR GOSPELS, WITH NOTES. Chiefly Explanatory ; in- 
tended principally for Sabbath School Teachers and Bible Classes, and 
as an aid to l-araily Instruction. By Hbnry J. Bipley, Newton TheoL 
Institution. Seventh Edition. Price $1.25. 

*•* Thia work thoold be in the handi of every itudent of the Bible, apeotally ereiy 
Sabbath School and Bible Claat teacher. It Is prepared with special reference to this elasi 
ef persons, and contains a maas of just the kind of information wanted. 

**The nndenlgned, having examined Professor BIplev's Notes om the Ooepels, eaa 
veoomnMnd them with confldence to all who need such help in the stndy of the sacred 
Scriptures. Those passages which all can understand are left * without note or comment,* 
and the principal labor is devoted to the explanation of such parts as need to be explainea 
and rescued from the perversions of errorists, both the ignorant and the learned. Th« 
practical suggestions at the close of each chapter, are not the least valuable portion of th« 
work. Most cordially, for the sake of truth and righteousness, do we wish tor these Notes 
a wide circulation. 

Bakok Stow, R. H. Nkals, B. Tukkbolc., 

Danibl Sharp, J. W. Pakkkk, N. Colykb. 
Wm. Haquc, B. W. CutuMAir, 

THE ACTS OF THE APOSTLES, WITH NOTES. Chiefly Ex- 
planatory. Designed for Teachers m Sabbath Schools and Bible Classes, 
and as an Aid to Family Instruction. By Prof. Henby J. Biplay. 
Price 76 cents. 

** The external appearance of this book, — the binding and the printed page, — Mt !■ 
a pleasant thing for the eyes to behold.' On examining the contents, we are favorably 
impressed, first, by the wonderftil perspicuity, simplicity, and comprehensiveness of the 
author's style ; secondly, bv the completeness and systematic arrangement of the work. In 
all Its parts, the * remarks ^ on each paragraph being carefully separated from the exposi- 
tion I thirdly, by tlie correct theology, solid instruction, and consistent explanations of 
difficult passages. The work cannot fall to be received with favor. These Notes are much 
more full than the Notes on the Gospels, by the same author. A beautiful map accompanlei 
them." — Ohristian Rt^ector^ Boston. 

CRUDEN'S CONDENSED CONCORDANCE. A Complete Con- 
cordance to the Holy Scriptures ; by Alexander Crudkn, M.A. A 
"New and Condensed Edition, with an Introduction; by Bev. David 
Kino, LL.D. Fiilh Thousand. Price in Boards, $1.26 ; Sheep, S1.50. 

*«*'*This edition Is printed flfom Englbh plates, and Is a tall and fair copy of all 
that is valuable in Cruden as a Concordance. The principal variation from the laiger book 
consists in the exclusion of the Bible Dictionary, which has long been an lncumbnuie«t 
and the accuracy and value of which have been depreciated by works of later date, contain- 
ing recent discoveries, fiscts, and opinions, unknown to Cruden. The condensation of 
the quotations of Scripture, arranged under their most obvious heads, while It diminishee 
the bulk^ the work, greatly facilitates the finding of any required passage. 

** Those who have been acquainted with the various works of this kind now in xm. 
well know that Cruden 's Concordance far excels all others. Yet we have In this edition of^ 
Cmden, the best made better. That is, the present is better adapted to the purposes of ■ 
Concordance, by the erasure of superfluous references, the omission of unnecessary expla- 
nations, and the contraction of quotations, &c. i it Is better as a manual, and Is better 
adapted bv ito price to the means of many who need and ought to possess such a work* 
tiian the fbrmer larger and expensive edition.'* — Boston Eecorder. 

* The new, condensed, and cheap work prepared ttom the voluminous and eoetly one of 
Cruden, opportunely fills a chasm in our Biblical literature. The work has been examined 
critically by several ministers, and others, and pronounced complete and accurate." 

Baptist Record^ PhiUh 

" This Is the very work of which we have long Mt the need. We obtained a copy of 
fhe English edition some months since, and wished some one would publish it \ and we 
•re much nieased that its enterprising publishers can now furnish the student of the Bible 
with a work which he so much needs at so cheap a rate." — Advent Herald, Boston. 

*' We cannot see b jt it is, in ail points, as valuable a book of refbrence, fbr ministers and 
Bible students, as the larger edition." — Christian Refiedar, Boston. 

*' The present edition, in being relieved of some things which contributed to render all 
fiRiner ones unnecessarily cumbrous, without adding to the subttantial valua of the worls 
beeoBMs an ezoeedingly cheap book.'* — Albany Argm* 
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OOULD, XXNDAZX AUD LIXOOUr*S PUBUCATIOVB. 

C§« \S)^tH ^iMn e4m$, WM. 

THE PRE-AD AMITE EARTH: Contributions to Theological Science. 
Price 65 centA. 

•*It !■ ft book Ibr blinking men. It opent newtminsoT thought to the reader poti 

him In n new position to nirrey the wonders of Ood'i works ; and compeb Natnml 8ei- 
cnce to bear her decided testtmonj in suppoit of Divine Truth." ~ Phila. Ck, Observer. 

MAN PRIMEVAL; Or, the Constitution and Primitive Condition of the 
Human Bein^. A Contribution to Theolodcal Science. With a finely 
engraved portrait of the author ; 12mo. cloth, price $1.25. 

%* This Is the second volume of a series of works on Theolofffcal Science. The first w«i 
reeeived with much fhvor — the present is a continuation of the principles which wei« 
seen holdlnc their war through the successlTe kingdoms of primeval nature, and are hcM 
lesumed and exhibited in their next higher application to individual man. 

** His copious and beautiful illustrations of the successive laws of the Divine Manifeate- 
tion, have yielded us htexprcsaible delight.**— £oiu/oa Eclectic Review, 

THE GREAT COMMISSION ; Or, the Christian Church constituted 
and charged to convey the Gospel to the World. A Prise Essay. With 
an Introductory Essay, by W. U. Wlluams, D.D. Price $1.00 



** Of the several productions of Dr. Harris, — all of them of great value, -^ that now before 
US is destined, prooablj, to exert the most powexful influence in forming the religious and 
miMionary character of the coming generations. But the vast fkind of argument and In- 



struction comprised in these pages will excite the admiration and inspire the gratitude 
of thousands in our own land as well as in Europe. £vc>7 clergyman and uious and re> 
fleeting Ujmaa ought to possess the volume, and make It iamiliar bj repeatea pemsaL** 

** His plan is original and comprehensive. In filling it up, the author has interwoven ftiete 
with rich and glowing illustrations, and with trains of thought that are sometimes almost 
resistless in their appeals to the conscience. The work is not more distinguished fbr Its 
arguments and Its genius, than for the spirit of deep and fervent piety that pervades It.** 

Tke Doif'Spnao, 

THE GREAT TEACHER; Or, Characteristics of our Lord's Ministry. 
With an Introductory Essay, by H. Humphrey, D.D. Tenth thousand. 
Price 85 cents. 

** The book Itself must have cost much meditation, much communion on the bosom of 
Jesus, and much prayer. Its style is, like the country which gave it birth, beautiful, varied, 
flniahed, and everywhere delightfuL But the style of this work Is its smallest excellence. 
It will be read : It ought to be read. It will find its way to many parlors, and add to the 



every thing about it is appropriate. The writer pours forth a clear and beautiful light, li . 
that of the evening Ught^house, when it sheds its rays upon the sleeping waters, and 
covers them with a surface of gold. We can have no sympathy with a heart which yields 
not to impressions delicate and holy, which the perusal of this work will naturally make." 

HamjMhire GoMetle. 

MISCELLANIES; Consisting principally of Sermons and Essays. WitJi 
an Introductory Essay and Notes, by J. Belcher, D.D. Price 75 cents. 

" Some of these essays are among the finest in the language ; and the warmth and energy 
of religious feeling manifested in several of them, wUT render them peculiarly the tren^ 
ore of the closet ^nd the Christian flreside."~ifaivor Oazette. 

M AMMON ; Or, Covetousness, the Sin of the Christian Church. A Prixa 
Essay. Price 45 cents. Twentieth thousand. 

%* This masterly work has already engaged the attention of churches and IndhrUnal^ 
and receives the h^eat eommendationt. 

ZEBULON ; Or the Moral Claims of Seamen stated and enforced. Edited 
by Rev. W. M. Rogers and D. M. Lord. Price 26 cents. 

%* A well written and spirit-stirring appeal to Christians in fhvor of this aamaoaa, iu»- 
tal, and long neglected class. 

THE ACTIVE CHRISTIAN; Containing the ** Witnessing Church,** 
'* Christian Excellence," and " Means of Usefulness,'* three popular pa^ 
duotions of this talented author Price 81 cents. 
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GOULD, KENDALL AND LlNCOIJf'S PUBLICATIONS. 



THE APOSTOLICAL AND PRIMITIVE CHURCH; Popular m 
JtA ^vernment and simple in its worship. By Lyaian Coleman. With 
an introductory essay, by Dr. Augustus Nkander, of Berlin. Second 
Edition. Price $1.25. 

The Pablishcn have been favored with many highly eommendatoiy notice! of thif 
work, fh>tn individaals and pnblic journals. The first edition foand a rapid salei it has 
been republished in England, and receired with much favor i it is universallj pronounced 
to be standard authorit/ on tills subject ; and is adopted as a Text Book in Theological 
Seminaries. 

jPV*om the Prqf^B$$on m Jjidover Thealogicdl Seminary, 

** The undersigned are pleased to hear that jou are soon to publish a new edition of th« 
* Primitive Church,* bv Ltman Colkmak. They regard this volume as the result of 
extensive and oti^ai research i as embodying very important materiab for reference, 



and instruct the intelligent layman, may be profitably used as a Text Book for Theologi- 
cal Students, and should especially form a part of the libraries of clergymen. The intro- 
duction, by NjtAKOBB, is of itscu sufficient to recommend the volume to the literary 
public** Lkohabd Woods, Bkla B. Edwabos, 

Ralph Embbsov, Eowabd A. Pabk. 

THE CHURCH MEMBER'S HAND BOOK; A Guide to the 
Doctrines and Practice of Baptist Churches. By Rev. William 
Cbowbll. 18mo. Cloth. Price 37<l cents. Contente — Chapter I. 
The Ground Work of Religion; Christian Truth. II. The Frame 
Work of Religion ; Christian Churches. III. The Memorials of ReU- 

fion; Christian Ordinances. IV. The Symbols of Reli{^ion ; Christian 
acraments. Y. The Privileges of Religion; Christian Exercises. 
VI. The Duties of Religion ; Church Discipline. VII. The Life of 
Religion ; Christian Love. 

" We have iieTer met with a book of this aise that contained so full and complete a ajnopsb of the 
Doctrines and Fnurtice of the Baptist, or miy other church, as this. Mr. Crowell Is one ol tlie ablest 
writrrs in the denomination, and if there is a subject in the whole mure of Chrisliaiiitjr which he is 
pre.emiDentijr qualified to discuss, it is the one before os. The ' Hand fiooli ' is not on abridcmeut 
of tlw * Church Member^s Manual,' bjr the same author, but is written ezpreasijr as a brief; plain 
guide to jount members of the church. It appears to ha«r« been prepared witA much care and labor, 
and is Just such a book as is needed bj every young church member; we might safely add, and by 
most of the older members in the denomination ; for there Is a Tasl amount of Information in It that 
will be found of pmctkal use to all."— Ckna6an Saertkuy, Har^fttrd, 

** It is concise, clear, and comprehensive; and, as an exposition of ecclesiastical principles and nrae> 
tiee, is worthy of careful studv of ail the young membavs of our churches. We hope it may be wideijr 
drealaCBd, and that the youtbtul thousands of our Israel may become fiunilior with iu pages.'*— ffafeh- 
man euid S^fieclor. 

THE CHURCH IN EARNEST; By John Angell James. 18mo. 
cloth; price 60 cents. 

*• A very seasonable publication. The chtirch nrilversal needs a re-awakenlng to Its high 
Tocatioii, and this is a book to effect, so far as human intellect can, the much desired resiu- 
dtation." — ^. r. Cbm. -rfrftJ. ^ ^ ^„ , « , 

- We are glad to see that this subject has arrested the pen of Mr. James. We yelcome 
and commend It. Let It be scattered like autumn leaves. We bcUcve its perusal wiU do 
much to impress a conviction of the high mission of the Christian, and much to arouse th« 
Christian to fulfll if — iV; r.JJecorrfer. ._ , . .^. _ ^ *^ 

*' We rrioicc that this work has been republished in this country, and we cannot too 
strongly commend It to the serious perusal of the churches of every name.*' — AlKmee. 

** Mr: James's writings all have one object, to do execution. He writes under the impnlsg 

Do something, do It. He studies not to be a profound or learned, but a practical writer. 

He aims to raise the standard of piety, holiness in the heart, and holiness of life. The influ- 
ence which this work will exert on the church must be highly salutary." — Baton BeeonUr, 

THE CHURCH MEMBER'S QUIDE, By Rev. J. A. James. Edited 
by Rev. J. O. Choules. New Edition ; with an Introductory Essay, by 
Rev. Hubbard Wisslow. Price 88 cents. 
A pastor writes— *• I sincerely wish that ^yvrr professor of religion in the land mvf 
>ssess this excellent manuaL I am anxious thi^ everr member of my church should 



possess It, and shall be happy to promote its circulation still more extensively.** 

** The spontaneous effusion or our heart, on laying the book down, was, — may every 
Church-member in our land soon possess this book, and be blessed with all the happiness 
which conibrmi^ to its evangelic sentiments and directions is calculated to confer.'' 

OhriatUm Seemtarg^ 
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aO<nJ>, KMMDASAs AVtt UaOOL2C*8 PUBLICATIOHS. 

MEMOIR OF ANN H. JUDSON, late Mis^^ionaiy to Burmah. By Rev. 
Jamks D. Knowlks. 12tno. Edition, price 85 cents. ISmo., price 58 cts. 

** W« uv pMlieulariy grfttifl«4 lo pereeire b new edition of the Memoirs of Mn. Jndton. 
She WM ■■ honor to our oooutrj «- one of the moat uoble-spiiited of her aex. It canDoC, 
therefore, be sur}>rislng, that to many editions, and so many thousand copies of her lifip and 
■drenturct have been sold. The name —the long career of suffering — the seif-sacriticing 
•pirit of the retired country-girl, have spread over the whole world; and the heroism of her 
»postle«blp and almost martyrdom, etaiids ont a living and heavenly beacon-fire, amid tiie 
dark, midnight of ages, and human histoiy and explotta. She was tlie first womoH who 
resolved to become a missiouafy to heathen ooun trica."— /I mertboa Trartlkr, 

** This Is one of the most interesting pieces of female biocraphy which has ever come un- 
der our notice. No quotation, which our limits allow, would do justice to the facts, and we 
must, therefore, refer our readers to the volume itsell It ought to be unmediately added to 
•vary fkinily library.**— Z.OfK/o« MiateeUcatif. 

MEMOIR OF QEORQE DANA BOARDMAN* Late Missionary to 
Burmahf contAinins^ much intellicenoe relative to the Burman Mission. 
By Rev. Al/>nzo Kino. A new Ldition. With an Introductory Kssay, 
by a distinguished Clerg^'man. Embellished with a Likeness; a 
beautiful Vignette, representing the baptismal scene iust l>crore his 
4eath ; and a drawing of his tomb, taken by Bev. H. Maixom, D.D. 
Price 75 cents. 

* One of Uie brightest luminaries of Burmah is extlngnished, — dear brother Boardnum 
Is gone to his eternal rest. lie fell gloriously at the heul of his troops — in the arms of vic- 
tory, — thir^'-eight wild Karens having been brought into the camp of king Jeaus rince the 
beginning w the year, besides the thirty-two that were brought in during the two preceding 
year*. Disabled by wounds, he was obliged, tlirough the whole of the last expedition, to be 
earried on a litter \ bat his presence was a host, and the Uoly Spirit accompanied his 
dying whispers with almighty influence.** Rsv. Ds. Juusox. 

**No one can read the Memoir of Boardmaa, without feeling that the religion of Christ is 
raitad to purify the affections, exalt the purpowes, and give energy to the character. Mr. 
Boardman was a man of rare excellence, and his biographer, by a just exhibition of that 
excellence, has rendered an Important service, not only to the cause of Christian missions. 
but to Uie Interests of personal godlineM.** Babob Stow. 

MEMOIR OF MRS. HENRIETTA SHUCK, The First American 
Female Missionary to China. By Rev. J. B. Jster. Fourth thousand. 
Price 60 cents. 

** We have seldom talcen Into our hands a more beantifbl book than this, and we have 
■o mall pleasure in knowing the degree of perfection attMned in this country in the arts 
of printinK and book-binding, as seen In its appearance. The style of the author Is sedate 
mid perspTcnous. such as we might expect fW>m his known piety and learning, his attach- 
ment to missions, and the amiable lady whose memory he embalms. The book will be ex- 
tensively read and eminently useful, and thus the endn sought by the author will be hap- 
pily secured. We think we are not mistaken in this opinion ; for those who taste the 
eflbct of early education upon the expansion of regeneratea convictions of duty and happi- 
ness, v^ho are charmed with youthful, heroic self-consecration upon the altar or Ood, for the 
welfare of man, and who are interested in those strusgies of mind which lead men to shot 
their eyes and ears to the importunate pleadings of filial affection —those who are interested 
in Ciiioa, that large opening field for the glorious conquests of divine truth, who are lnter> 
ested in the government and habits, social and business-like, of the people of this empire — 
all such will be interested in this Memoir. To them and to the friends of missions generally, 
the book is commended, as worthy of an attentive perusal.**— rAe Family F»s*ter, Boston, 

MEMOIR OF REV. WILLIAM Q. CROCKER, Late Missionary in 
West Africa, among the Bassas, Including a History of the Mission. By 
R. B. Medbery. rrioe 62 1 cents. 

** This interesting work will be found to contain mnch valuable information In relation to 
the present state and prospects of Africa, and the success of Missions in that interesting 
country, which has just talcen a stand among the nations of the earth, and, it is to be homd^ 
may successfully wield its new powers for the ultimate good of the whole continenL The 
present work is commended to the attention of every lover of the liberties of man. 

" '" ■ ' ■■' " ir, who is 



Our acquaintance with the excellent brother, who is the subject of this Memoir, will be 
long and fondly cherished. Tills volume, prepared by a latly, of true taste and talent, and 
of a kindred spirit, while it is but a just tribute to his worth, will, we doubt not, furnish 
lessons of humble and practical piety, and will give such^acts relative to the mission to 
whioh he deroted his lifo, as to render it worthy a distinguished place among the religious 
•nd missionary biography which has so much enriched the family of God.**— Ch. WatdkHMm, 



Digitized by VjOOQ IC 



OOUI.D, KENDALL AND L1NC01^*8 PUBLIOATION8. 



THE MISSIONARY ENTERPRISE; A Collection of Discotineb 
on Christian Missions, b}' American Authors. Edited by Babon 
Stow, D.D. Second Thousand. Price 85 cents. 

'* If W9 desired to put Into the hand* of « fbreipier k fkir exhibition of the capeclty and 
•piiit of the American church, we would give liini this volume. Tou hare here thrown 
together a few dtsoouraca, preached from time to time, by different individuals, of different 
denominations, as ctrcumstances have demanded tliem ; and jou see the stature and feel 
the pulse of the American Church in these discourses with a certainty not to be mistaken. 

** You see the bigh talent of the American churcli. We venture the assertion, that no 
nation in the world has such an amotmt of forcefiil, available talent in its pulpit The 
energy, directness, scope, and intellectual spirit of the American church is wonderfal. In 
this book, the discourses by Dr. Beecher, Pres. Wayland, and the Rev. Dr. Stone of th« 
Episcopal church, are among the very highest exhibitions of logical correctness, and burn- 
ing, popular fervor. This volume will have a wide circulation.'^ rAe yew Enolemder, 

*• This work contains fifteen sermons on Missions, by Rev. Drs. Wayland, Griffin, Ander* 
■on, Williams, Beecher, Miller, Fuller. Beman, Stone, Mason, and by Rer. Messrs. Kirk, 
Stow, and Ide. It is a rich treasure, which ought to be in the possession of every American 
Christian."— Carolina Baptist. 

THE GREAT COMMISSION; Or, the Christian Church constitated 
and charged to convey the Gospel to the World. A Prize Essay. By 
John Harris, D.D. With an Introductory Essay, by W. B. Willlams, 
D.D. Fifth Thousand. Price $1.00. 

" His plan Is original and comprehensive. In filling it np the anthor has interworea 
fticts with rich and glowing illustrations, and with trains of thought that are sometimes 
almost resistless in their appeals to the conscience. The work is not more distinguished 
for its arguments and its genius, than fbr the spbit of deep and fervent piety that per* 
vades it.*— 77ic Dayspring. 

** This work comes forth in circumstances which give and promise extraordinary Intereit 
and value. Its general circulation will do much good." — iVew York Evangeiist, 

" In this volume we have a work of great excellence, rich in thought and illustration of • 
subject to which the attention of thousands has been called by the word and providence of 
God." — Philadelphia Observer. 

** The merits of the book entitle it to more than a prize of money. It constitutes a most 
. powerful appeal on the subject of Missions.**— JVeto York Baptist Advocate. 

** Its style is remarkably chaste and elegant. Its sentiments richly and fervently evan- 
gelized, its argumentation conclusive. Preachers especially should read it{ they will re- 
new their strength over its noble pages.** — Zion't Heraldt Boston. 

** To recommend this work to the friends of missions of all denominations would be but 
faint praise; the author deserves and will undoubtedly receive the credit of having applied 
a new lever to that great moral machine which, by the blessing of God, is destined to 
evangelize the world.** — Ckrittian Secretary, Hartford. 

** We hope that the volume will be attentively and prayerAiUy read by the whole 
church, which are clothed with the " Great Commission ** to evangelize tiie world, and 
that they will be moved to an Immediate discharge of its high and momentous oblif'"* — 

THE KAREN APOSTLE; Or, Memoir of Ko Thah-Byu, the first 
Karen convert, with notices concerning his Nation. With maps and 
plates. • By the Rev. Francis Mason, Missionary. American Edition. 
Edited by Prof. H. J. Riplbt, of Newton TheoL Institution. Fifth Thou- 
sand. Price 25 cents. 

V ** '^^* }" * ^orlc of thrilling interest, containing the history of a remazkable man, and 
giving, also, much information respecting the Karen Mission, heretofbre unknown in thla 
eountry. It must be sought fbr, and xead with avidity by those interested in this most in- 
teresting mission. It gives an account, which must be attractive, from its novelty, of a 
people that have been but little known and visited by missionaries, till within a few yean* 
The baptism of Ko Thah-Byu, in 1838, was the beginning of the mission, and at the end of 
these twelve years, twelve hundred and seventy Karens are officially reported as memben 
of the churches, in good standing. The mission has been carried on pre-eminently by the 
Karens themselves, and there is no doubt, trova much touching evidence contained in thie 
volume, that they are a people peculiarly susceptible to xcUgious imprcMiona. The account 
•f Mr. Mason most be interesting to every one. 
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BI.AKE'8 FIB8T BOOK IK ASTBOVOMT. Designed for 
tbe Use of Common Schools. By J. L. Blare, D.D. IUastrat«d b/ 
Steel Plate Engravings. 8vo. cloth back. Price 50 cents. 

From E. Hhtekluft Pn^fhattn- <^MathtmaUc» tn Maryland DhivenUif. 
** I k-n much indebted to yon for k copj of the Fint Book in Astronomr. It la « wmk 
of vtUitj and merit, far fupcrior to anj other which I have Been. The aathor hai aelected 
his topics with great judgment, — trranged them in admirable order, — exhibited them ia 
ft style and manner at once tasteful and philosophical. Nothing seems wanting, — nothing 
redundant. It is truly a very beautiful and attractive l>ook, calculated to afford booi 
pleasun And profit to all wlio may enjoy the advantage of perusing it" 

From B. Fields Primeipal ctftke Hancock School^ Bottom, 
** 1 know of no other work on Astronomy so well calculated to Interest and initnuf 
yonng learners in this sublime science." 

From JameB F, Qovid, JLM^ Principal ttf the Sigh School M Tomg Zadie$, 

Baltimore^ Md, 
*I shall Introduce your First Book in Astronomy into my Academy in September. 
MHuider It decidedly superior to any elementary work of the Idnd I have ever scca.* 

From Aaac Foster, Tnttrvetor qf FowtA, Portland, 

**1 have examined Blake's First Book in Astronomy, and an much pleased with H. A 
vety liappr selection of topics is presented in a manner wliich cannot fail to interest the 
laarncr, while the Questions will assist him materially in fixing in the memory what ouglit 
to lie retained. It leaves the most intricate parts of the subject for those who are able -to 
master them, and brings befbre the young pupil on\y what can be made intelligilde and 
interesting to him." 

** The illustratlons, both pictorial and verbal, are admlrablv Intelllgtble ; and the delint* 
tlons are such as to be easily comprehended by juvenile scnolars. The author has inter- 
woven with his scientific instructions much interesting historical information, and con- 
trived to dress his philosophy in a garb truly attractive. — IT. Y, Daily Evening JoumaL 

**'We are fkee to say, that it is, in our opinion, decidedly the l)est work we have any 
knowledge of, on the sublime and interesting subject of Astronomy. The engravings are 
executed in a superior style, and tlie mechanical appearance of the book is extremely 
prepossessing. The knowledge imparted is in language at once chaste, elegant, and 
simple — adapted to the comprehension of those fbr whom it was designed. The subject 
matter is selected with great judgment, and evinces uncommon industTj and reseaxelu 
We earnestly hope that parents and teachers will examine and judge for themselves, as 
we feel confident they will coincide with us in opinion. We only hope the circnlatioii of 
the work will be commensurate with its merits." -^ Boston Evening Oazette. 

** The iKWk now l>eft>re us contains forty-two short lessons, with a fisw additional ones, 
which are appended in the form of problems, with a design to exercise the young learner 
In finding out the latitude and longitude on the terrestrial globe. We do not hesitate to 
recommend it to the notice of the superintending committees, teachers, and pupils of our 
public schools. The definitions in the first part of the volume are given in bner and clear 
umguage, adapted to the understanding of beginners."— iStote Heratdf Portamouthf IT. if. 

BLAKE'S VATTTBAI FHIIOSOFHY. Being Conversations oa 
Philosophy, with the addition of Explanatory Notes. Questions for Exami- 
nation, anci a Dictionaiy of Philosopnical Terms. With twenty-eight steel 
Engravings. By J. L. BiiAKE, D.D. 12mo. sheep. Price 67 cents. 

*«* Perhaps no work has contributed so much as this to excite a fondness for the atady 
of Natural Philosophy in youthful minds. The fkmiliar comparis<ms« with wiueh it 
•bounds, awaken interest, and rivet the attention of the pupiL 

From Rev, J. Adorns^ President of Charleston CoUege, 8. O, 

**I have been highly gratified with the perusal of your edition of Conversalioae vm. 
Natural Philosophy. The Questions, Notes, and Explanations of Terms, are valnablo 
additions to the work, and make this edition superior to any other ^th which I am 
acquainted. I shall recommend it wherever I have an opportunity." 

** We avail ourselves of the opportunity fUmished us by the publication of a new editfom 
of this deservedly popular wonc, to recommend it, not only to those instructors who tony 
not already have adopted it, but also generally to all readers who are desirous of obtaining 
infbrmation on the subjects on which it treats. By Questions arranged at the bottom of 
the pages, in which the collateral facts are arranged, he directs the attention of the learner 
to the prindpal topics. Mr. Blake has also added many Notes, which illustrate the pa»> 
•ages to which they are appended, and the Dictionary of Philosophical Terms Ts a osaftil 
addition." — C^. & Literary Oantte. 
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PHE TOTTNG LADIES' CLASS BOOK. A Selection of 
Lessons for Reading in Prose and Verse, by E, Bailet, A.M.. 
late Principal of the Young Ladies' High School, Boston. Stereotyped 
Edition, l^mo. sheep. Price H'dH cents. 

From the Principala €(f the PtMie Schools Jbr Females^ BoaUm, 
** Obhtlkmcn: — We have examined the Young Ladles* Closf Book with intereit wnl 
Il^leasure ; with iutcreit, because we have felt the want of a Reading Book ezprecsij <•• 
•igued for the use of females ; and with pleuure, because we have found it well adapted 
to supply the deticiency. In the selections for a Reader designed for boys, the eloquence 
of the bar, the pulpit, and the forum may be laid under heavy contribution ; but such 
■elections, we conceive, are out of place in a book desiened for flemales. We have beea 
pleased, therefore, to observe, that in the Young Ladies^ Class Book such pieces are rara 
The high-toned morality, the freedom from sectarianism, the taste, richness, and a<ic^ta- 
Uom of the selections, added to the neatness of its external appearance, must commend It to 
all : while the practical teacher will not fail to observe that diversity of style, together wltk 
those peculiar j>omt«, the want of which, few, who have not felt, know how to supply. 

Respectfully yours, Baknum Fibld, Abbaham Akdbbwb, 

K. G. Pakkkb, CUAB1.1C8 Fox " 

From the PrtneiptU qf the Mount Vernon School^ Sotton. 

** I have examined with much interest the Young Ladies' Class Book, by Mr. BaOrnr 

and have been very highly pleased with its contents. It is my intention to introduce ft 

into my own school : as I regard it as not only remarkably well ntted to answer its partieu- 

- lar object as a book of exercises in the art of elocution, but as calculated to have an iiifltt> 

ence upon the character and conduct, which will be in every respect favorable. 

Jacob Abbott.** 

** We were never so struck with the importance of having reading books fbr female 
Mhools, adapted particularly to that express purpose, as while looking over the poj^s of 
this selection. Tne eminent success of the compiler in teaching this oranch, to which we 
can personally bear testimony, is sufllcicut evidence of the character of the work, consid- 
ered as a selection of lessons in eluciition ; they are, in general, admirably adapted to 
cultivate the amiable and gentle traits of the female character, as well as to elevate and 
improve the mind." — AruutU of Education. 

** The reading books prepared for academic use, are often unsuitable tot females. We 
are glad, theref(n-e, to perceive that an attempt has been made to supply the deficiency i and 
we believe that the task has been faithfully and successfully accomplished. The selections 
are judicious and chaste ; and so far as they have any moral bearing, appear to be unex- 
ceptionable." — Education Etporter, 

AOMAir AKTIQXriTIES AND ANCIENT MYTHOLOOT. 

By C. K. DiLLAWAY, A.M., late Principal in the Boston Latin School. 
With Engravings. Eighth Ed., improved. 12mo. half mor. Price 67 cts. 

From E. BaOey, Principal cfihe Towng Ladiei^ High School, Boeton. 

** Having used DUlaway'e Roman Antitfuities and Ancient Mythology in my school for 
several years, I commend it to teachers with great confidence, as a valuable text-book oa 
those Interesting branches of education. £. Bails r.* 

** The want of a cheap volume, embraiing a succinct account of ancient customs, 
together with a view of classical mythology, has long been fblt To the student of a lan- 
guage, some knowledge of the manners, habits, and religious feelings of the people whose 
unguage is studied is indispensably requisite. This knowledge is seldom to be obtained 
without tedious research or la>>orious investigation. Mr. Dillaway's book seems to have 
been prepared with special rel^rcnce to the wants of those who are just entering upon a 
classical career; and we deom it but a simple act of justice to say, that It supplies the 
want, which, as we have before said, has long been felt In a small duodecimo, of about 
. one hundred and fifty pases, he concentrates the most valuable and interesting particulars 
relating to Roman antiquity ; together with as full an account of heathen mythology as is 
generally needed in our highest seminaries. A peculiar merit of this compilation, and 
one which will gain it admission into our highly respectable /etnu2s seminaries, is the total 
absence of all allusion, even the most remote, to the disgusting obscenities of ancient 
mythology; while, at the same time, nothing is omitted which a pure mind would feel 
Interested to know. We recommend the book as a valuable addition to the treattsee la 
voT schools and academiee." — Education Reporter, Boston. 

*• We well remember, in the days of our pupilage, how unpopular as a shidy was the 
volume of Roman Antiquities introduced in the academic course. It wearied oa account 
of its prolixity, filling a thick octavo, and wax the prescribed task each afternoon fbr a 
• long three months. It was reserved f«>r one of our Boston instructors to apply the con- 
densing apparatus to this raiiss of crudities, and so to modernize the emtiquitirs of the old 
Romans, as to make a befitting nbridicnient for schools of the first order. Mr. Diilaway has 
presented such a compilation an must be interesting to lads, and become popular as a text- 
book. Historical facts are stated with great simplicity and clearness; the most important 
~ * 'I are seised opoa, while trifling peculiarities are passed unnotioed."— .^/n. TraveUtr, 
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CLEMENTS OF POLITICAL ECONOMY. By Francu 
Way LAND, D.D., President of Browa University. Fifteenth Thousand. 
12ino. cloth. Price $1.26 

** HU.objeet hu been to writa a book, which an 7 one who chooses may understand. Ha 
has, therefore, labored to express the general principles in the plMnest manner (wssiblc^ 
•ad to illuatrate them by cases with which everj ucrson is fomilior. It has been to the 
author a source of regret, that the course of discussion in the following pages, has, un» 
Toldablj, led him o\'er ground which has frequently been the arena of poGtieal eontro* 
Tersy. In all such cases, he has endeavored to state what seemed to him to be tnitt^ 
without fbar, fkvor, or afl^ction. Re is conscious to himself of no bias towards any paitf 
whatever, and he thinks that he who will read the whole work, will be convinced that M 
ha* bean influenced by none." — Extract /rom the Pr^aee, 

POLITICAL ECONOMY, ABBIDOED, by the Author, and 
Adapted to the use of Schools and Academies. Seventh Thousand 
18mo. half morocco. Price 60 cents. 

*,* The success whioh has attended the abridgment of ** The Elements of Meenl 
Bclence ** has Induced the author to prepare an abridgment of this work. In this case, 
H tn the other, the work has been wholly re-written, and an attempt has been made t» 
adapt it to the attainments of youth. 

** The original work of the author, on Political Economy, has already been noticed oa 
our pages ; and the present abridgment stands in no need of a recommendation from ni^ 
We may be permitted, however, to say. that both the rising and risen generations am 
deeply indebted to Dr. Wayland, fbr the skill and power he has put forth to bring a hlchly 
Important subject distinctly before them, within such narrow limits. Though ' abridged 
ibr the use of academies,* it deserves to be introduced into every private famUy, and to ba 
atudied by evcir man who has an interest in the wealth and prosperity of Iiis country. It 
Is a subject little understood, even practically, by thousands, and still less understood 
theoretically. It is to be hoped, this will form a class-book, and be faithfully studied In 
our academies 1 and that it will find Its war into every family library ; not th«re to be 
•hut up unread, but to afford rich material for thought and discussion in the family 
circle. It is fitted to enlarge the mind, to purifv the Judgment, to correct erroneoua 
popular impressions, and assist every man in forming opinions of public meaanrea, 
which will abide the test of time and experience." — Boston Recorder. 

** An abridgment of this clear, common sense work, designed for the use of acadeniiei 
lajnst published. We rejoice to see such treatises spreading amona the people; and w« 
aige all who would be intelligent fkeemen, to read them." — hew York Tranecript. 

«*We can tay, with safety, that the topics are well selected and ananged; that the 
author's name is a gnarantee for more than usual ezceUeuce. We wish it an extensive 
eireulation." — New York Obeerver. 

*• It is wdl adapted to high schools, and embraces the soundest system of republican 
politieal economy of any treatiae extant." — Daily Advocate, 

THOTTOHTSon the present Colle^ate System in the United States. 
By Frakgis Wayland, D.D. Price 60 cents. 

** These Thoughts come fVom a source entitled to a very resneetftil attentton t and aa tha 
author goes over the whole ground of collegiate education, criticising fVeely all the arrange- 
ments in every department and in all their bearings, the book is very fuU of matter. We 
hope it win prove the beginning of a thorough diseussion.** 

PALET'S NATTTBAL THEOLOGY. lUnstrated by forty nlates, 
and Selections fV-om the notes of Dr. Paxton, with additional Notes, 
originid and selected, for this edition ; with a Tocabulary of Scientifio 
Terms. Edited by John Ware, M.D. 12rao. sheep. Price $1.26. 

* The work before ns la one which deserves rather to be studied than merely real. 
Indeed, without diligent attention and study, neither the excellences of it ean be fuUy dia- 
wvered, nor Its advantages realiced. It is, therefore, gratifying to find it introduced, aa n 
lext'bookf into the colleges and literary institutions of our country. The edition before na 
Is superior to any we have seen, and, we believe, superior to any that has yet been pn^ 
Ushed." — Spirit of the PUgrinu. 

** Perhaps no one of our author's works gives greater satisfhction to all classes of reader^ 
the young and the old, the ignorant and the enllKhtencd. Indeed, we recollect no book In 
which the arauments fbr the existence and attributes of the Supreme Being, to be draw* 
trom his works are exhibited in a manner more attractive and more convlncinK.' 

ChriMtitmf 
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THE ELEMEKTS OF MOBAL SCIENCE. By Fbancib 

Watlaxu, D.D. President of Brown University, and Professor of 
Moral Piiilosopliy. Fortieth Tliousand. 12mo. cloth. Price $1.25 

*«* This work has been extensively and ffevonbly reviewed and adopted as a elass-book 
in most of the eollegiate, theological, and academical institutions of the country. 

From Rev, Wilbur Fiak^ Pre$i-ient q' t/u WMeian Ohiv^rtUy. 
** I have examined it with great satisflietion and interest The work was greatly needed* 
•ad is well executed. Dr. wiayland deaervos the jprraterul acknowledgments and libenu 
patronage of the public I need say notliinc^ further to express my high estimate of tlM 
work, than that we shall immediately adopt ft as a text-book in our university.** 

From Hon. Jtune$ Kent^ Uxte Chancellor qf New York. 
<* The work has been read by me attentively and thoroughly, and I think very highly of 
It The author himself is one of the must estimable of men, and I do not know cf «ny 
•thical treatise, in which our duties to God and to our fcUow-men are laid down with nvtmt 
|»recision, simplicity, clearness, energy, and truth." 

** The work of Dr. Way land has arisen gradually from the necessity of correctinr the 
ftlse principles and fallacious reasonings of Paley. It is a radical mistake, in the ed»<>». 
tlon of jouth, to permit any book to be used by students as a text-book, which contains 
CEToneous doctrines, especituly when these are fundamental, and tend to vitiate the whole 
system of morals. We have been greatlv pleased with the method which President Way* 
land has adopted ; he goes back to the simplest and most fundamental uriuciples ; and, In 
the statement of his views, he unites perspicuity with conciseness ana precision. In aU 
the author's leading fundamental principles we entirely concur." — JiibliceU £ejMmtorif, 

** This is a new work on morals, fbr academic nse, and we welcome it with much satls- 
ftictlon. It is the result of several years' reflection and experience in teachins. on the part 
of ito justly distinguished author ; and If it is not perfectly what we could wis!), yet, in the 
most im|x>rtant respects, it supplies a want which has been extensively felt. It is, we 
think, substantially sound in its fundamental principles ; and being comprehensive and 
elementary in its plan, and adapted to the purposes of instruction, it will be gladly adopted 
1^ those who have for a long time been dissatisfied witli the existioK works of Paley.'* 

The Literai-y and Th«ologic4U iCevtew. 

KOSAL SCIEKCE, A S BID GEB, by the Author, and adapted 
to the use of Schools and Academies. Twenty-fifth Tliousand. ISmo. 
half cloth. Price 25 cente. 

The more eOectuallj to meet the desire expressed for a oftsop sdilbn, the present edlUon tt Issued 
at \i» rtdttetdjmc* t^f 26 cente p«r copy, and it is liopetl itieraby to extend tlie Leiirfit of moral in* 
Btnictioii to h11 ihe yoiuh of our land. Teucbert and aii otliera engaged in the training of >outik, lire 
lovited to examine this work. 

«* Dr. Wayland has published an abridgment of his work, fbr the use of schools. Of 
this step we can hardly speak too highly. It is more than time that the study of moral 
philosophy should be introduced into all our institutions of education. We are hnppy to 
see the way so auspiciously opened for such an introduction. It has bi>«n not uiercly 
abridged, but also re-ivrt«cn. We cannot but regard the labor as well beatuwed." — yorth 
Amertotm Review. 

u We speak that we do know, when we express our high estimate of Ds. Wa;land*s 
fcbility in teaching Moral Philosophv, whether orally or by the book. Having li^itened to 
his instructions, in this Interesting (lepartment, we can attest how loAy are the nrineiplcs, 
how exact and severe the argumentation, how appmpriate and strong the iUustrationi 
which characterize his system and enforce it on the mind." — The Chri*tian Witnea. 

** The work of which this volume is an abridgment, is well known as one of the best and 
molt complete works on Moral Phflowmhy extant Tlie author is well known as one *d 
the most profound scholars of the age. That the study of Moral Science, a science which 
teaehes goodnetm, should be a branch of education, not only in our colleecs, but in our 
flCliools and academies, we believe will not be denied. The abridgment of this work 
seems to us admirably calculated for the purpose, and we hope it will be extensively 
applied to the purposes for which It is intended." — The Mercantile Journal. 

** We hall the abridgment as admirably adapted to supply the deflcieney which has Ions 
been felt In common school education, — the study of moral obMgation. I^t the chifd 
«>»-*•' be taught the relations it sustains to man and to its Maker, the first acouaiuting it 
'v<*<> the dunes owed to society, the second with the duties owed to Ood. and wbo can 
loreteil how many a sad and disastrous overthrow of character will be prevented, and bo* 
•kroted oad pur* will be the sense of Integrity and virtue ? " — Evening OoMsUe, 
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FXIKCI?LK8 07 ZOfflOOT; Touching the Stnxctnfe, Develop, 
ment, Distributtou, and Natural Arrangement of the Races op Animai^, 
living and extinct, with numerous illustrations. For the use of School^. 
and Colleges. Part I., Compabativk Pht8ioix>ot. By Louis Aoassiz 
and Aoouarufl A. Gould. 

lEaEtraefs An* the Rr^/ktee. 

■ Tte dMifn of this vork Is to Amtlali «n epitome of the leading prinelplea of the admee 
•r ZoMogj. u dednced from the present state of knowledge, so Olustiated as to be intelligible 
to the beginning student. No amiiar treatise now exists in this eonntiy. and indeed, some 
of the topics have not l»een touebpd apon in the langnage, nnless in a strietir tecluiical 
Ibrm, and in scattered artidas." 

** Being designed Am- Amerieaa sindcnts, the ninshrations have been drawn, as fkr as pos- 
•Ibie, fVom American objects. * * * Popular names lutve l>een emplojed as far as posnble, 
sad to the seieatUlc names an Budish termination hasjrenerally lieen given. The nrst part 
Is dcToted to Comparative FhjsiologT.as the basis of Ciassifieation ; the second, to Srstem- 
sMc Zotfiogjr. in which the principles of ChMsification will be qipUed, and the principal 
gronps of animals brieflj charaeterlxcd.** 

KODXBH FXXKCH LITSBATirBS; By L. Ratx oxd Db V^ki- 
couR, formerly lecturer in the Royal Athensum of Paris, member of the. 
Institute of France, &c. American edition, brought bown to the present 
day, and revised with notes by William S. Chase. With a fine portrait 
of Lamartime. 

%* This Treatise has received the highest praise as a c o m p rehensive and fhoronf^ snrrey 
of the various departments of Modem French Literatursw It contains biograpldcal and 
critical notes of all the prominent names in Fhilosophj, Criticism, Histoiy, Romance, 
Boetry, and the Drama i and presents a full and hnpaiiial considetBtion of the Pniitical 
Tendencies of France, as thej may be traced in the writings of authors equally conspicu- 
•ns as Scholars and as Statesmen. Mr. Chase, who has been the Parisian correspondent of 
several leading periodicals of this country, Is well qualifted, from a prolonged residence in 
Franoe, his fluniliarity with its Literature, and by a personal acquaintance with many of 
these authors, to introduce the work of De VMeonr to the American public. 

* TUs Is the only complete treatlM of the kind on this snl^ect, dther in French or Eng- 
Bsh, and has received the bluest cmnmendation. Mr. Chase is weU qualified to introduce 
the work to the public. The book cannot fUl to be both useAil sad populac** — ^eie York 
Svenmg Pott. 

THE CICEBOHIAK; Or the Prussian Method of Teaching the 
Latin Language. Adapted to the use of American Schools, by B. Ssabs. 
ISmo. half morocco. Price 50 cents. 

From tite Frt^ettors qfSarvard Vnmertity. 

* We beg leave to observe, that we consider this book a veiy valuable addition to our 
stock of elementary works. Ite great merit is, that It renders the elementary instruction In 
Latin less mechanical, by constantly cidling the reasoning power of the pupil into sc^n, 
and gives, from the l>eginning, a deeper insight into the very nature, principles, and laws 



not only of the Latin langnage, but of language in generoL If the book required any 
other recommendation l>esides that of l>eing the work of so thorough and experienced a 
scholar as Dr. Sears, it would be this, that the system illustrated in it is not a mere theory, 
but has been practically tested by many able instructors In Germany. We wish that the 
same trial may be made here. y^^ respectfully yours, Chablks Beck, 

Ctonftru^.Octa.1844. C. C. Fklxoh. 

KEMOBIA TECHKICAf Or, the Art of Abbreviating those Studies 
which give the greatest Labor to the Memory; including Numbers 
Historical Dates, Geography, Astronomy, Gravities, &c. ; also Rules foi 
Memorizing Technicalities/womenclatures, Proper Names, Prose, Poetrj'-, 
and Topics in general. Embracing all the available Rules found in 
Mnemonics or Mhemotechny of Ancient and Modem Times. To which 
is added a perpetual Almanac for Two Thousand Years of Past Time and 
Time to Come. By L. D. Johnson. Third Edition, revised and improved 
Octavo, cloth back. Price 60 cents. 
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